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e The 38-inch reflector of the J. I. Holcomb 
Observatory at Butler University provides 
potentially the opportunity for utilization of a vari- 
ety of accessories. The f/4 38-inch primary is large 
enough to have adequate light-gathering power and 
yet is of a size that can be conveniently mounted 
and easily manipulated. The Cassegrain optical 
system places the eyepiece near the center of motion, 
and the easily installed plate holder is a flexible 
accessory. The rugged and well balanced mounting 
is ideally suited to the addition of photometer, 
spectrograph, or other attachments. The 6-inch re- 
fracting guide telescope of long focus gives easy 
and accurate assistance in use of the instrument. 
Installation of a Newtonian diagonal and eyepiece 
or plate holder could be accomplished with a min- 
imum of difficulty. The telescope has performed 
well for both public nights and class instruc- 
tion over the past six years. 99 


This 38” Reflector Telescope was designed and 
built by J. W. Fecker for the J. 1. Holcomb Ov- 
servatory at Butler University. It is used for: 
student instruction, photography and visual use. 
AccEssoriEs: 3” aperture wide-angle finder 
telescope, 6” aperture guide telescope, zenith 
eyepiece adapter. 

FEATURES: fork mounting, sidereal drive, side- 
real, hour and declination circles, solenoid clamp- 
ing and motor driven slow motions in right as- 
cension and declination. 


For more information about this scope or other 
telescopes to meet your specific needs, write 


j- we. fecker 


Division of American Optical Co. 
6592 Hamilton Ave., Pittsburgh 6, Pa. 
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LETTERS 
Sir: 

On page 431 of the May issue, mention 
was made of the extreme rarity of trans- 
its of Venus, the last such events having 
occurred in 1874 and 1882. I am very 
proud to say that I saw the passage of 
Venus across the sun’s disk on December 
6, 1882. At that time I was 11 years old, 
and living at Girard, Kansas. We smoked 
broken pieces of window glass over a 
coal-oil lamp, and I can remember Venus 
as a little black disk on the sun, no tele- 
scope being needed. 

Nearly 71 years later, I observed the 
transit of Mercury on November 14, 
1953, with a 6-inch reflector made by 


my Son. CHARLES E. HERRIMAN 
320 S. Elmwood Ave. 
Kansas City 24, Mo. 
Sir: 


As an amateur astronomer, I have spent 
nearly 10 years completing a lunar globe, 
using photographs of the moon from 
Mount Wilson and Palomar Observatories. 
The globe is 34 centimeters (about 13} 
inches) in diameter, and shows 7,000 
craters, of which some 400 are labeled. 
A photographic effect is achieved by shad- 
ing, a silver-gray tone being used for the 
moon’s far side, whose major features 
are taken from Russian Lunik pictures. 

A mechanical device served to com- 
pensate for perspective foreshortening of 
the limb features, where the librational 
regions are distinguished by color. This 
globe will be printed in five colors, but 
the publisher has not set the date for the 


first edition. ALFRED SCHLEGEL 
Fr. Ebertstr. 35 
Selb, West Germany 

Sir: 

Upon my recent arrival in France for 
a prolonged stay, I sought out other 
amateurs by visiting the Société Astro- 
nomique de France. Its headquarters are 
in a massive old building at 28 Rue Ser- 
pente in Paris. The group was organized 
in 1887 by Camille Flammarion, and now 
has several thousand members. 

At Paris there are two refracting tele- 
scopes, of 6-inch and 8}-inch aperture. 
One is used for observing at public nights 
on Tuesdays and Saturdays, and the other 
is reserved for double star studies. 

Mme. Gabrielle Flammarion, widow of 
the founder, actively runs the society's 
affairs as secretary-general, although she 
is well advanced in years. It has been her 
annual custom to invite special guests to 
her chateau in Juvisy on the anniversary 
of her husband's death in June, 1925. 
This is a simple but impressive ceremony, 
to which my family and I were graciously 
invited, along with 75 French astronomers 
and friends. = WILLIAM F. LOOMIS 

14 Place Vendome 
Paris 1, France 
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An artist’s conception of the structure, some 100 feet high, that will house the 
mirrot 


the tower, an 80-inch heliostat 








world’s largest solar telescope. At the top of 
will reflect: sunlight: southward along the slanting polar-axis shaft, to a 60- 
inch long-focus mirror nearly 500 feet away. Compare this picture with the diagram on page 66. 


he Large Solar Telescope at Kitt Peak 


RoBert R. MCMatTH and A. KEITH 


N ‘THE ENTIRE WORLD there are 
I some 70 solar telescopes, according to 

R. Coutrez’ listing, ranging up to an 
aperture of about 24 inches and a maxi 
mum prime focal length of 150 feet. ‘Vo 
these we might add many of the large 
stellar telescopes, reflectors and refractors, 
that have been used briefly in solar work. 

For example, the carly research of G. EF. 
Hale and F. 
with the Rumford spectroheliograph at 
10-inch refractor of the 
and Tf. Hl. Plaskett 


reflector in his 


Ellerman was carried out 


tached to) the 


Yerkes 


the 72-inch 


Observatory, 
used Victoria 
studies of solar granulation. But in spite 


of this dual use of some telescopes for 


solar as well as stellar work, two more 


or-less distinct types of instrument have 
evolved 
This 


great differences in the auxiliary spectro 


has come about because of the 


graphic equipment required, for the sun 
provides 10 billion times more light than 


the brightest star in the night sky! With 
such an abundance of available light, 
there is little reason to utilize the very 
low-dispersion spectrographs of stellar in 
struments on solar problems. On_ the 
other hand, for the moment there is no 


Universities for Re- 


Operated by Association of 
with — the 


Astronomy under 
Science Foundation 


search in contract 


National 
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PIERCE, 


possible way to use a spectroheliograph 
filter 


a more distant star 


or a Lyot to examine the surface of 


than the sun. 

Hence, there is wide divergence in both 
form and function of solar and stellar tele 
scopes. However, as mentioned above, a 


stellar instrument can be used for some 


solar research, and a telescope designed 
may be satisfactory fon 


In particular, the 


to study the sun 
work on Certain stars. 
60-inch solar telescope and its powerful 
spectrographs, now under construction at 
Kitt Peak National Observatory, 


employed to study stars brighter than the 


can be 


6th magnitude. 
1954, the National 


Foundation appointed an ad hoc advisory 


Karly in Science 


panel composed of I. S. Bowen, Leo Gold 


berg, B. Stromgren, Otto Struve, and 
\. EF. Whitford, with the senior author 
of this article, Robert R. McMath, as 


Chairman. “Phe panel was to examine the 
United States’ need for large telescopes. 
\fter a 


facilities, these astronomers advocated im 
36-inch and 80 


study of the existing observing 


mediate construction of 
inch photoelectric stellar telescopes, and 
the world’s largest solar instrument, which 
is to have a 60-inch aperture and 300-foot 
focal length. 

Following a site survey, Congress voted 
funds to the National Science Foundation 


Kitt, Peak National Observatory* 


for the construction of these instruments 
on Kitt Peak in Arizona. ‘The 
tional observatory was dedicated on March 
loth, and the 36-inch reflector 
in operation, as described in the May 


new na 
is already 


issue Of this magazine. 

\ solar telescope is designed around. its 
optics, starting with the grating of the 
principal spectrograph. ‘The grating’s re 
solving and dispersion must be 


equated to the scale and resolution of the 


powel! 


photographic plate (or image orthicon, 01 
exit slit for monochromatic work), to de- 
termine the focal length of the spectro 
graph and its focal ratio. “To conserve 
light, we must make the latter equal to 
the focal ratio of the spectrograph, but 
fixing the actual size of the telescope re- 
quires a further consideration — the re 
search program. 

Work on the spectra of solar granules, 
on the physical structure of sunspots and 
their associated magnetic fields, requires 
considerable image size. Past experience 
has shown that the optimum image of the 
sun should be approximately a yard across. 
Therefore, we have selected a 300-foot 
focal length to obtain an image that is 
34.08 inches in diameter when the earth 
is at perihelion, early in January each 
year, and 33.02 inches at aphelion in July. 
Under proper seeing conditions with this 








scale, detailed microphotometry of spectra 
of granules one second of are in’ size 
(0.44 millimeter) and smaller is feasible 
and precise. 

\t present, there are available for the 
solar telescope two quartz disks suitable 
for optical mirrors 60 inches in diameter 
and nine inches thick. Quartz is desi 
able for solar studies because it has 
a much lower coefficient of thermal ex 
pansion than glass does. These blanks 
were the final efforts of A. LL. Ellis and 
I. Thomson, at the Lynn plant of the 
General Electric Co. in 1931, to prepare 
quarts disks up to 200 inches in size for 
the 200-inch Palomar Observatory reflec 
tor. The story, so well told by Helen 
Wright in her book Palomar, closes: 

“At that time (1931) the 60-inch disks 
were considered useless for astronomical 
purposes. For many years alter the work 
ended, thev remained at the General ble 
tric plant. Nobody wanted them, nobody 
cared. Recently, however, Robert McMath 
of the MeMath-Hulbert: Observatory at 
Pontiac, Michigan, who has done remark 
able work making motion pictures of the 
sun, remembered the disks. Perhaps, as 
Hale had suggested, they might be usable 
for solar work. Perhaps he could use them 
for his work in the infrared. ‘loday the 
disks are in Ann Arbor. Perhaps, after 
all, they may be useful and those years of 
‘arduous’ work will not be wasted. Tf so, 
in the light of their original fantastic cost 
S600,000!, they will be the most valuable 
mirrors im use anywhere ino the astro 
nomical world.” 

Phe 60-inch quartz blanks will be used 
in the Kitt Peak solar telescope until suit 
able materials can be found for the final 
optics that require blanks 48, 60, and 80 
inches im diameter. 

Details of many optical arrangements for 
the solar telescope were studied. Basically, 
there are three ways to feed light to our 
60-inch image-forming mirror. First, the 
mirror may be pointed directly at the 
sun. Second, a single mirror mounted as 
ahelostat can send sunlight either toward 
the south pole or the north pole of the 
sky. Third, two mirrors can be used it 


the combination called a coelostat, the 


second mirror reflecting light in any fixed 
direction usually horizontally or verti 
cally downward as in a tower tclescope. 

In the first arrangement, like that of 
the usual reflector feeding light to a spec 
trograph at the coude focus, the shadow 
of the Cassegrainian secondary produces 
a broadened diffraction pattern that less 
ens contrast In the primary image; in 
the spectrograph it fills the cores of the 
Fraunhofer dark lines with diffracted light. 
However, of even greater importance is 
the possible impairment of the seeing by 
n 


so great a concentration of heat energy 
the convergent beam of a short-focus re- 
lector. In some instruments of this kind, 
water cooling of the secondary mirror is 
necessary. 

For a very large instrument, the prin- 








Famous towers to the sun at the 


cipal advantage of the heliostat over a 
coclostat is that the former requires but 
a single optical flat. Hlence, the cost ts 
less: there is a light loss at only one re 
flection instead of two; the incident light 
remains at a constant angle to the mirror, 
the reflected beam’s ellipticity remaining 
constant for a day's observation; the po 
larization of the reflection stays the 
same; and there is no “noon shadow” of 
one mirror on the other, as occurs with a 
coclostat. 

The disadvantages of the heliostat are 
twofold. It causes the image to rotate 
once in 24 hours, whereas the coelostat 
provides a nonrotating field) of view. 
The angle between the incident and. re- 
flected light is in general greater than in 
the optimum position for the two mirrors 
of a coelostat. But these two defects are 
far outweighed by the advantages stated 


above. 


INNER TELESCOPE STRUCTURE 
\ heliostat instrument was therefore 
chosen, and the following design criteria 
set up: 
1. ‘The 80-inch heliostat mirror was to 


McMath-Hulbert Observatory as they 

appeared about two decades ago (belore the trees grew high). The cupolas on 

the 50- and 70-foot towers contain coelostats that direct sunlight to spectro- 
graphs and spectroheliographs. University of Michigan photograph. 


be 100 feet above the vround, supported 
on an inner structure and surrounded by 
a wind shield. 

2. When the supporting tower de 
flected because of the effects of a wind 
up to 25 miles an hour, the displacement 
of the sun’s image was not to exceed one 
third of a second of are. (This is less 
than 1/60 inch at the end of an optical 
path 780 feet from the heliostat!) 

3. All exterior surfaces exposed to 
sunlight were to have their temperatures 
controlled, in order to avoid the effects 
of thermal changes on the optical path. 

During the fall of 1957, Detroit engi- 
neer W. Zabriskie prepared for the au- 
thors detailed drawings of three possible 
designs. In one the inner telescope struc- 
ture supporting the heliostat was fabri- 
cated of standard H-beams; in another it 
consisted of large tubular sections; while 
in the third it was to be made of concrete. 

In these three designs, the inner tele- 
scope was an immense vertical triangle 
with its hypotenuse along the polar axis, 
appearing like the gnomon or index of 
a sundial. The upper end carried the 
heliostat, while the 60-inch parabolic mir- 
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On March 15th this year, while Kitt Peak’s dedication ceremonies took place 


nearby, this bulldozer began leveling operations at 


the solar telescope’s 


location on the south ridge. The 60-foot site-testing tower is at the left, and 
to the right, the rounded dome of distant Baboquivari Peak. 


ror was to be placed at the south end at 
ground level. From there the light was 
reflected up the polar axis for 180 feet, 
but 1} degrees off-axis, to a flat and then 
vertically 120 feet downward to an under- 
ground spectrograph room. <A_ water- 
cooled outer skin acted as a wind screen. 

A year later, when further design work 
was started, the Association of Universi- 
ties for Research in Astronomy (AURA) 
asked the Chicago firm of Skidmore, 
Owings, and Merrill to review all pos- 
sible structures (including those already 
proposed) that would satisfy the optical 
requirements. This study, directed by 
W. Dunlap and S. Sachs, developed a 
most unusual building, consisting of a 
tapered tower projecting 
from the ground toward Polaris and a 


cantilevered 


similar inner section supporting the helio- 
stat —— an extreme case of the leaning 
tower of Pisa. 

We abandoned this design for the less 
costly and more stable structure illustrated 
here, the heliostat being supported on a 
vertical concrete cylinder 26 feet in di- 
ameter with walls four feet thick. Light 
from the heliostat is directed southward, 
along the polar axis, about 480 feet to 
the 60-inch off-axis paraboloid. From here 
the light is sent, at an angle of about 
1} degrees to the primary beam, to the 
48-inch diameter flat that directs light 
vertically downward to the focus at the 
head of the vacuum spectrograph. 

A steel track of 12-foot gauge, extend- 
ing nearly one-tenth of a mile from the 
heliostat to the 60-inch primary mirror, 
carries all the mirror mountings. It will 
provide a convenient means of handling 
each mirror mounting in the initial as- 
sembly, as well as whenever the mirrors 
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are to be washed or aluminized. The 
aluminizing room, with a 15-ton capacity 
overhead is located just 


south of the observing 


bridge crane, 
room. 


OuTER TELESCOPE BUILDING 
Optical definition of the sun’s image 
formed by a tower-type telescope is often 
very good when the dome is first opened, 
but within a minutes the seeing 
markedly deteriorates. Since this phe- 
nomenon is more or less independent of 
the time of day, it is a characteristic fault 
of the instrument, though we are not 


few 


certain how much of the trouble is caused 
by warm air currents rising from the mir- 
ror surface itself and how much is due to 
the tower acting as a chimney. 

Both of these factors can be eliminated 
by thermostatically controlling the build- 
ing enclosing the optical path and by 
cooling the mirrors to the temperature of 
the surrounding air. We have had this 
over-all guiding principle in the design of 
the Kitt Peak solar telescope: After light 





travels through the atmosphere the quality 
of the seeing should not be destroyed in 
the last few hundred feet near the focus. 

At many solar observatories, such as 
Meudon in France and Cambridge in 
England, the optical path is horizontal 
and only six to eight feet above a grassy 
ground surface. The many superb spectra 
and spectroheliograms procured at these 
places, particularly in the early morning 
before the ground becomes appreciably 
heated by the sun, attests to the excellent 
seeing, both external and internal, of 
those solar instruments. However, micro- 
meteorological studies have shown that 
temperature fluctuations decrease with 
height, so still better results might be ob- 
tained by going higher. In 1904 Hale 
wrote: 

“Everyone who has noted the heated 
air above the surface of the ground will 
wonder, in considering the effect of such 
disturbances upon solar observations, 
whether these disturbances rise to a great 
height. A casual observation is sufficient 
to show that the disturbance decreases 
rapidly in passing upward from the 
ground, but it is, of course, quite impos- 
sible to determine by means of the un- 
aided eye the probable effect of this dis- 
turbance on telescopic observations. We 
have accordingly made many observations 
of the sun with the 34-inch telescope sup- 
ported in a pine tree at heights above the 
ground ranging from 20 to 80 feet. The 
results of these observations clearly indi- 
cate that a telescope employed in solar 
work should be mounted as high above 
the ground as circumstances warrant. At 
the lower elevations in the tree the ad- 
vantage over positions still nearer to the 
ground was sometimes not appreciable; 
but at a height of 80 feet above the ground 
the improvement in definition was very 
distinct. Probably this is one of the rea- 
sons why the solar definition with the 40- 
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Kitt PEAK SOLAR TELESCOPE 





Part of the Kitt Peak solar telescope will be far above ground, part well below. 











Air-temperature fluctuations measured 
at the solar telescope site (pictured 
opposite) on July 16, 1959. The ap- 
paratus was suspended 14, 10, and 55 
feet above the ground (bottom to top), 
and the observations were made at 
11:20, 11:30, and 11:40 a.m., Mountain 
standard time, respectively. The grid 
scale on the cathode-ray tube is in 
centimeters, the horizontal sweep rate 
being five seconds per centimeter for a 
total sweep time of up to 50 seconds. 
Vertically, each centimeter mark is for 
1.4 degrees centigrade, or about 24 
degrees Fahrenheit. The thermistor 
element was directly coupled through 
a preamplifier to the oscilloscope tube. 
Kitt Peak Observatory photograph. 


inch Yerkes telescope averages considerably 
better than we expected it would, for with 
this telescope the object-glass is over 70 
feet above the ground.” 

Of course, placing the objective so high 








is costly, primarily since we must solve the 
engineering problems relating to stability. 
For a freely standing tower of uniform 
cross section subjected to a uniform wind 
load, the deflection at the top varies as 
the third power of the height. But the 
situation is more critical when mirrors 
are employed, for the deflections caused 
by rotational motion are amplified two 
times by reflection. (A simple translational 
motion is of no consequence for a plane 
mirror.) It is evident that, to avoid ex- 
cessive costs, the objective’s height must 
not be made 200 feet if 100 feet will do. 
The choice will depend upon the magni- 
tude of the thermal fluctuations at various 
heights above the ground level of the 
observing site. 

We have carried out at Kitt Peak the 
first phase of a series of experiments with 
equipment designed and constructed by 
W. C. Livingston. These show, in a spec- 
tacular manner, an exponential decrease 
of temperature fluctuations with height. 
Observations have been made on quiet 
days at altitudes ranging from zero to 
180 feet, using a small temperature-sensi- 
tive thermistor suspended with its pre- 
amplifier unit from a tower or balloon. 
The picture shows that  short-period 
temperature fluctuations decrease from 
about three degrees centigrade near the 
ground to less than 0.4 degree at a height 
of 55 feet. In another experiment, they 
decreased to about 0.2 degree at 180 feet. 
Considering this information and _ past 
experiences with solar telescopes, we 
adopted 100 feet as a minimum height 
suitable for the entrance port of our 
instrument. 

Since we propose to cool all surfaces to 
the ambient air temperature, we have in- 
vestigated several coatings. ‘Tests show 
that black surfaces exposed to sunlight 


At the right is an un- 
usual view up the inside 
of the 150-foot solar tele- 
scope tower at Mount 
Wilson Observatory in 
California. The tower 
itself, seen from a dis- 
tance, is pictured at the 
left below. For the in- 
terior view, the camera 
was pointed nearly ver- 
tically, alongside the 
corrugated tube that 
contains the optical 
path and dominates the 
lower part of the pic- 
ture. Beside it is the 
open elevator shaft lead- 
ing to the top of the 


tower, where a_ two- 
mirror coelostat is lo- 
cated. Photographs by 


Charles H. Coles. 


absorb about one horsepower per square 
yard, heating up to around 55 degrees 
Fahrenheit above the surrounding air 
temperature. An aluminum-painted sur- 
face warms up 30 degrees, about the same 
as bright polished aluminum or chromium. 
These metallic surfaces may absorb only 
15 or 20 per cent of the incident energy, 
but their emissivity is very low, and their 
ability to radiate energy at a low temper- 
ature in the infrared is extremely poor — 
hence they get hot. 

It has been found that a surface painted 
with pure titanium dioxide pigment in a 
glyptal vehicle warms up in full sunlight 
only 10 to 15 degrees Fahrenheit. This is 
our best result so far. The low tempera- 
ture rise occurs because this paint is effec- 
tively black in the infrared. When 
exposed to the blue sky, which has an 
effective infrared temperature of about 
—20° to —40°, the titanium dioxide has 
a very cold element of large extent to 
radiate to, and therefore remains cool. 

Recent experiments have been con- 
ducted for us by Mr. and Mrs. Raymond 
Bliss, of the University of Arizona’s solar 
energy laboratory. They find that the 
cooling load for the solar telescope’s outer 
skin, with its 34,000 square feet of area, 
requires only 14 tons of refrigeration if 
painted white with titanium dioxide, 
whereas if painted black the cooling load 
would be five to 10 times as great. 

A refrigerating plant will be located 
200 feet north of the telescope. Re- 
frigerant, water with antifreeze, will be 
carried in underground pipes to the 
telescope and circulated through copper 
tubes imbedded in the copper skin. This 
additional cooling will bring the skin 
temperature to the surrounding air tem- 
perature. 


(To be continued) 
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Amateur Astronomers 


New ZEALAND OBSERVATORY MARKS 40TH ANNIVERSARY 


ECAUSE of limited professional equip- 

ment in New Zealand, amateur as- 
tronomy plays an important role in our 
country. For 40 years, the New Plymouth 
Observatory, manned by amateur astrono- 
mers, has assisted in this endeavor. 

Despite modest equipment and a small 
number of observers, the installation has 
gained scientific recognition, being* listed 
in various ephemerides. Its position is 
longitude —174° 04’ 26.6, latitude —39° 
03’ 45”.2. 

Enthusiasm for the stars led Rev. Oscar 
Blundell to initiate the New Plymouth 
\stronomical Society in 1919. An inaugu- 
ral meeting was held on July 3rd, after 
which the group quickly moved toward 
establishing an observatory, and by Oc- 
tober of that year work on it had begun. 

The principal instrument is a 6-inch 
Alvan Clark 
mainly on 
and sunspots. One night each week is set 
than 
25,000 persons have visited the observa 


refractor. It has been used 


occultations, variable stars, 


aside for the public, and more 
tory since it was opened. 

The bulk of the observing work during 
the 40-year period has been by F. J. 
Morshead, who was observatory director 
from 1925 to 1958 and a former president 
of the Royal Astronomical Society of New 
Zealand, and by D. Wilkinson, who 
concentrated on variable stars. Mr. Mors 
head hours sweeping for 


comets, and in November, 1923, 


spent many 
made an 
independent discovery of one. ‘The object 
was entered in the observatory’s logbook 
as Morshead’s comet, but later informa- 
tion disclosed that it had been seen earlier 
in Europe. 

Of particular pride to our society was 








In 1921 the original mounting of the 
6-inch telescope was replaced by the 
equatorial one shown here, which has 
a clock drive. The photographs on 
this page are by G. Fergusson. 
Murray Geddes, who received his_ first 
training in astronomy at our observatory. 
In June, 1932, observing from 
central Otago in Zealand’s South 
Island, he comet on_ his 


while 
New 
discovered a 
For this, he was 
Astronomical 


first night of sweeping. 
awarded the medal of the 
Society of the Pacific 
Donovan prize and medal. Unfortunately, 
he died while on active duty in the navy 
during the second world war. 

\t present, membership in the society 


and Australia’s 


Since its 6-inch refracting telescope, visible through the open slit, began 
probing the skies above Taranaki in 1920, more than 25,000 people have 
visited the New Plymouth Observatory on Marsland Hill. 
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totals 55. Besides having monthly lectures, 

our society writes a weekly astronomical 

column for the local daily newspaper, 

the Taranaki Herald. From August 22nd 

to 27th, we are planning a_ planetary 

week, with special observations and _ lec- 
tures on Jupiter, Saturn, and Mars. 

S. L. DICKSON 

5 Holsworthy St., Vogeltown 

New Plymouth, New Zealand 


WESTERN AMATEURS PROGRAM 


Walter J. Krumm, chairman of the 
Western Amateur Astronomers, has_ re- 
leased the following program for the 
WAA convention in San Jose, California, 
at the end of this month. Convention 
headquarters will be at the Hotel Ste. 
Claire, and meeting sessions in the San 
Jose municipal auditorium. 

Tuesday, August 23rd 

All day. Western Satellite 

Network session. 


Research 


Evening. Satellite observing. 
Wednesday, August 24th 
All day. Association of Lunar and 
Planetary Observers session. 


6:30 p.m. WAA_ business meeting and 


dinner. Hotel Ste. Claire. 
Thursday, August 25th 
All day. WAA_ session. Main speaker, 


H. Julian Allen, assistant director, Ames 
Research Center, “The Physics of Me- 
teors.”” 

Evening. Visit to Lick Observatory. 
Tour of the facilities, including inspec- 
tion of the 120-inch telescope. 

Friday, August 26th 

9:30 to 11:30 a.m. WAA session. 
son lecture by G. Swamp, “Radio Astrono- 
my and the Work at Stanford University.” 

12:30 p.m. Field trip to Ames Aero- 
nautical Laboratory and Stanford’s radio 
astronomy research installation. By char- 


Morri- 


tered bus. 

7:30 p.m. Star 
County Fairground. 
if sky is overcast. 


Clara 
films 


party. Santa 
Astronomical 


Saturday, August 27th 

All day. WAA_ session. Morrison lec- 
turer, Dr. William P. Bidelman, Lick 
Observatory, “Spectroscopy, a Key to the 
Stars.” Robert M. Crane, Aero-Thermo- 
dynamics Division, Ames Research Center, 
“The Orbiting Astronomical Observa- 
tory.” 

6:30 p.m. Banquet. Main speaker, Dr. 
Alfred J. Eggers, Jr., Ames Research 
Center, “Manned Spaceflight.” Presen- 
tation of the G. Bruce Blair award to 
David Barcroft of Madera, California. 


FARMINGDALE, NEW YORK 


The Long Island Students of Astronomy 
meet twice monthly, the second and 
fourth Monday from 9 to 10:30 p.m., at 
20 Yoakum Ave., Farmingdale, N. Y. 
Further information is available from 
W. Huebner, 69 Duane St., Farmingdale. 





ASTRONOMICAL LEAGUE 


IGHLIGHT of the coming Astro- 
nomical League convention will be 
an all-day bus tour of astronomical and 
historical sites in the Philadelphia, Penn- 
sylvania, area on Sunday, September 4th. 
Starting at 9:30 a.m. from convention 
headquarters at Haverford College, the 
delegates will visit the Franklin Institute 
and its Fels Planetarium, then drive to 
Barrington, New Jersey, where the Ed- 
mund Scientific Co. will serve a_ steak 
dinner. Crossing over to Yorklyn, Dela- 
ware, they will inspect Spitz Laboratories, 
where two of its latest planetarium pro- 
jectors will be displayed. A buffet supper 
is also to be given by that company. The 
final stop will be at Sproul Observatory 
in Swarthmore, Pennsylvania, world fa- 
mous for its work on star distances and 
discoveries of invisible components of 
binary stars. ‘The bus fare is $5.00, with 
the meals being donated by the respective 
hosts. 

The convention will open at 1 p.m., 
September 3rd, with a general session, 
followed by one for junior astronomers. 
That evening a program entitled “15 
Photoelectric Amateurs” will be held at 
the Flower and Cook Observatory in 
Malvern, Pennsylvania. One mile away, 
there will be open house at Villanova 


AAVSO SPRING MEETING 


BOUT 80 persons attended the 49th 

annual spring meeting of the Ameri- 
can Association of Variable Star Observers 
at the American Museum-Hayden Plane- 
tarium in New York City, May 27-28. The 
planetarium and the Amateur Astron- 
omers Association were hosts. 

Mrs. Margaret Mayall, AAVSO director, 
announced that 30,612 observations had 
been received and recorded during the 
first five months of this year. These in- 
clude observations from South America, 
South Africa, Europe, Australia, and 
India, as well as the United States. Since 
October, 1959, 36 new members have 
joined the organization. 

Harry Bondy, chairman of the solar 
committee, reported that the flare patrol, 
which also operates on a world-wide basis, 
had gathered data on almost 1,200 sudden 
enhancements of atmospherics, adding 
that the group had contributed about 
40 per cent of all SEA’s published by the 
National Bureau of Standards. A record 
number of observed occultations — 82 
from 24 observers — has been received 
by Roy Seely, in charge of the occultation 
committee. 

Among the talks presented were: Pat- 
rick Rizzo, check list for locating variable 
Stars; William H. Glenn, moon-shadow 
observations during the October 2, 1959, 
solar eclipse; Victor Gogolak, photo- 
metric observations of the total eclipse; 
Ralph Buckstaff, the December 3, 1959, 
white solar flare; Mr. Bondy, white solar 
flares as rare phenomena; Richard Hamil- 





CONVENTION PROGRAM 


Observatory. For those who wish to re- 
main in Haverford, the college’s Straw- 
bridge Memorial Observatory is also hav- 
ing a star party. 

Monday will be devoted to amateur 
papers. The morning session is for the 
Association of Lunar and Planetary Ob- 
servers, the afternoon for instrumenta- 
tion. Dr. Louis C. Green, director of 
Haverford’s observatory, will be principal 
speaker at the honor dinner that evening. 
His topic is “Rockets, Satellites, and the 
New Astronomy.” 

Housing for the delegates at Haverford 
College, which is just outside Philadelphia, 
will become available on Friday after- 
noon, September 2nd, nightly rates being 
$3.00 a person. Registration until August 
15th is $1.00; after that date, $1.50. The 
honor dinner on Monday will cost $4.00. 
Reservations should be sent to General 
Convention Astronomical League, Frank- 
lin Institute, Philadelphia 3, Pa. 

Program time may be secured from the 
persons listed on page 477 of the June 
issue. Exhibit information is available 
from David Claus, 75 S. Main St., Mullica 
Hill, N. J. 

EDWIN F. BAILEY 
Franklin Institute 
Philadelphia 3, Pa. 


ton, the Stamford, Connecticut, Observa- 

tory; Mrs. Florence Glenn, novae; Kenneth 

Weitzenhoffer, radio telescopes. Color 

slides were presented by Albert Ullman. 

In addition, the delegates were given a 

special demonstration of the planetarium’s 
new Zeiss projector. 

MRS. JANE DOUGLAS 

160 W. 73rd St. 

New York 23, N. Y. 


NEW JUNIOR GROUPS 
There are 10 amateurs in the Astro- 
nomical Society of West Lake County in 
Illinois. Vianna W. Biehl, Rte. 4, Box 
196, Lake Villa, Ill., is the president. 


ALAMOSA, COLORADO 


Ten adults and five juniors comprise 
the Sky Valley Astronomical Society. 
Interested persons should contact Danny 
G. Johnson, Box 402, Alamosa, Colo. 


FT. WAYNE, INDIANA 


The Ft. Wayne Astronomical Society 
will hold its third annual astronomy ex- 
hibit on August 12-13 at the Conklin 
pavilion in Shoaff Park, northeast of Ft. 
Wayne, Indiana. Among the many dis- 
plays that have been made by amateurs 
in the 75-member club are an orrery, a 
Foucault pendulum, and a moon model 
fashioned from a 10-foot-diameter balloon. 
Weather permitting, about 25 telescopes 
are to be set up for views of astronomical 
objects by the public. Last year’s show 
attracted about 3,000 persons. 


+++ AMATEUR BRIEFS +++ 


The back cover of the National Capital 
Astronomers’ 1960 directory has a moon 
map by H. P. Wilkins showing objects 
near the Straight Wall. The Washington, 
D. C., group’s booklet lists names of mem- 
bers, their addresses, and telephone num- 
bers, as well as officers and committees. 

Astronomy and affairs of heart. Two 
pairs of amateurs have decided to share 
their telescopes through life. The recently 
married couples are Jan Fultz and Noel 
Gutry of the Columbus (Ohio) Astro- 
nomical Society, and Mary Churns and 
David McConnell of New York’s Amateur 
Astronomers Association. 

George and Antony Doschek have given 
a Spitz A-2 planetarium to their so- 
ciety, the Amateur Astronomers Associa- 
tion of Pittsburgh. The projector is lo- 
cated at the Allegheny Observatory, where 
it will be used to supplement the group’s 
observing sessions. 

The Amateur Telescope Makers of Bos- 
ton are taking no chances on bad weather 
interfering with their summer star parties. 
The club schedules two dates for each bi- 
weekly session; if the first is rained out, 
the group meets on the second night. 

Work was started in June on the In- 
diana Astronomical Society’s observatory 
at Philadelphia, Indiana. A roll-off roof 
will be utilized until sufficient funds are 
raised to complete the dome. 

According to Skyward, monthly news- 
letter of the Montreal Centre, Royal As- 
tronomical Society of Canada, the group 
“now has its own amateur radio license 
and has been given the call letters 


VE2RAM — for Royal Astronomical, 
Montreal. VE2RAM — the First Point 
in Aries!” 


When a local newspaper phoned the 
Astronomical Society of Harrisburg, Penn- 
sylvania, for the title of the talk to be 
given by guest lecturer Dr. Carl A. Bauer 
of Pennsylvania State University, it was 
inadvertently told, “The Abode of the 
Lost Planet.” The correct title actually 
was “Bode’s Lost Planet.” 

Anniversaries. The 15-member Vienna 
Astronomical Society in West Virginia 
recently marked its 10th birthday; the 
Grumman Astronomical Society of Beth- 
page, New York, its second. 

The Amateur Astronomy League of 
Eugene’s Spectrum is also serving as the 
official publication for the Rogue Valley 
Astronomer’s Club in Grants Pass, Oregon. 
Meeting notices and special events of both 
societies will be published monthly. 

Beginning observers who are interested 
in making detailed and serious studies of 
the planet Jupiter should contact the new 
Jupiter recorder of the Association of 
Lunar and Planetary Observers, Philip R. 
Glaser, 400 E. Park Ave., Menomonee 
Falls, Wis. The ALPO also wishes to co- 
operate with foreign amateurs and groups 
in observations of the giant planet. 

H. M.C. 
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Photometry 


of the Moon 


Otto STRUVE 
National Radio Astronomy 


Observatory* 














Van Diggelen’s chart shows the 38 craters whose floors he measured photo- 
metrically: 1, Albategnius; 2, Alphonsus; 3, Archimedes; 4, Aristillus; 5, Billy; 
6, Bonpland; 7, Bullialdus; 8, Campanus; 9, Cassini; 10, Clavius; 11, Cleomedes; 
12, Copernicus; 13, Cyrillus; 14, Eratosthenes; 15, Eudoxus; 16, Gassendi; 17, 
Grimaldi; 18, Guericke; 19, Hevelius; 20, Landsberg; 21, Maginus; 22, Manilius; 


95 


mds 


23, Marius; 24, Maurolycus; Mercator; 26, Petavius; 27, Piccolomini; 28, 
Pitatus; 29, Plato; 30, Plinius; 31, Posidonius; 32, Ptolemaeus; 33, Pytheas; 
2 ‘ 





ITHIN the next few years, there 
will doubtless be many attempts to 
photograph the moon from cam- 


34, Reinhold; 35, Stéfler; 36, Thebit; 37, Tycho; 38, Walter. 


era-carrying space vehicles. ‘Vhese pictures 
should ultimately show much smaller 
details than terrestrial telescopes can, and 
will be used to study the structure of the 
lunar surface prior to the first landings 
of instruments on an extraterrestrial body. 
Robert Jastrow of the National Aero- 
nautics and Space Administration recently 
pointed out, A growing body of 
scientific opinion holds that the moon 
will in many ways more richly reward 
the effort to reach it than will either 
Mars or Venus.” 

However, these prospects increase the 
need for astronomical studies of the moon 
by more conventional methods. Much in- 
formation about the lunar surface must 
be gathered, so that its exploration by 
instrumented space probes can be properly 
planned. For example, we would like to 
learn beforehand about the texture of the 
surface, from measurements of the bright- 
nesses of different areas under varying 
illumination. 

In this respect, a major addition to our 
knowledge has recently been provided by 
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J. van Diggelen, of Utrecht Observatory 
in the Netherlands. His investigation of 
the photometric properties of the lunar 
surface is based primarily upon a series of 
photographs of the moon made in 1946 
by M. Minnaert with the 40-inch refractor 
at Yerkes Observatory. 

Five of the best of these negatives, 
taken at different phases of the moon, 
were selected by van Diggelen, who 
measured on them the surface bright- 
nesses of the floors of the 38 craters in- 
dicated on the chart. Because of the 
40-inch telescope’s working schedule at 
that time, all of the pictures were ob- 
tained after full and hence he 
could not measure on every plate some 
of the craters located in the moon’s western 
hemisphere. 

By means of photometric calibration 
scales on each plate, it was possible to 
convert the degree of blackening of 
particular areas into the corresponding 
relative surface brightnesses. Then all 
the photographs were tied into one 
photometric system, enabling the Dutch 
astronomer to derive for each lunar area 
a lunation curve, or plot of intensity versus 


moon, 


phase angle. 


The latter quantity is the angle g, at 
the center of the moon, between the sun 
and the earth, and is indicated in the 
diagram. Otherwise said, it is the arc 
along the moon’s surface from the sub- 
terrestrial point E to the subsolar point S. 
Accurate computation of the phase angle 
is complicated by lunar librations. But 
for our general understanding, it is suf- 
ficient to assume that the subterrestrial 
point is always very close to the center of 
the moon’s disk. 

Immediately after new phase, when the 
sun’s rays first illuminate the moon's 
western limb, the subsolar point is lo- 
cated about 180 degrees from the subter- 
restrial one. As the lunar crescent waxes, 
the subsolar point shifts from west to 
east, almost along the moon’s equator, 
until at first quarter it is about 90 de- 
grees from the subterrestrial point. At 
full moon, the two points nearly coincide, 
so the phase angle is approximately 0°. 
At third quarter, corresponding to phase 
angle 90°, the subsolar point is at the 
eastern edge of the moon and the termi- 
nator passes through the subterrestrial 
point. By convention, the phase angle is 
regarded as negative before full moon and 
positive afterward. 

‘Taken as a whole, the moon’s bright- 
ness changes greatly with phase angle. 


*Operated by the Associated Universities, Inc., 
under contract with the National Science Foundation. 
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The moon is several days after full 

in this simplified diagram, where E 

and § are the subterrestrial and sub- 

solar points, respectively, and g is the 
phase angle. 





For instance, at first and last quarters, 
when the illuminated area that we see is 
half that of the full phase, the moonlight 
falling on the earth is only about one 
ninth as intense. It is evident that the ap- 
parent brightness of the moon's surface 
diminishes far more rapidly than its il- 
luminated portion decreases in area as it 
changes from full moon to a crescent. 

Van Diggelen has computed the luna- 
tion curve shown here, for the average ap- 
parent brightness of the lunar surface that 
is in sunlight. To his original chart we 
have added representations of the corre- 
sponding phases, the full moon being 
shown white, as its surface radiance has 
been taken as 100 per cent for the pur- 
poses of this graph. Van Diggelen com- 
puted this curve from one obtained photo- 
electrically in 1953 by G. Rougier at the 
Strasbourg Observatory that showed how 
the light from the whole moon changed 
with phase. The Dutch astronomer next 
compared with his curve the average sur- 
face brightness he measured on each of 
the Yerkes photographs. 

Once he had established in this way a 
uniform photometric system for all his 
pictures, van Diggelen could derive sur- 
face intensities of the 38 crater floors for 
five different phase angles: +11$°, +24°, 
+78°, +91°, and +105°. Despite the 
very large amount of labor spent, the 
work would have remained incomplete 
without adding the best available photo- 
metric measures made by other observers. 
Their data, recomputed so as to agree 
Diggelen’s system of photo- 
in the final 


with van 
metric units, were included 


First Quarter 


@ 
oO 


SURFACE BRIGHTNESS 
o 
(o) 


hb 
ro) 


RELATIVE APPARENT 


Last Quarter 


Full Moon 


0°? 


PHASE ANGLE 





Surface brightness, averaged over the entire illuminated part of the moon’s 
disk, is plotted here for various lunar phases. 


‘The most noteworthy feature of the 
curves is that their maxima are close to 


phase angle 0° —— at full moon irrespec- 


tive of the crater’s location on the lunar 
disk. However, there are several craters 
with maximum intensity occurring slightly 
after zero phase, for example at about 
+ 10° for Aristarchus and Tycho, and +5° 
for Proclus. Nearly all the craters exhibit- 
i this anomaly have bright rays visible 


ing 

















as being of relatively recent formation. But 
features like Alphonsus and Grimaldi, 
which because of their broken walls and 
floors believed be exceedingly 
old, habitually have maxima precisely at 
full moon. 

‘The varied shapes of the lunation curves 
fit into a simple scheme. All crater floors 
located near the moon’s central meridian 
have approximately symmetrical curves, 
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lunation curves, some being shown here. at full moon, and are generally regarded as in the case of Archimedes. On the 
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Compare the 20-day moon (left) with the 26-day-old waning crescent, the phase angles being about 60° and 130°, re- 
spectively. In the former, there is greater contrast between the “seas” and “continents,” and dark craters like Grimaldi and 





bright ones like Aristarchus stand out more clearly. Lick Observatory photographs. 


other hand, the curves are unsymmetrical 
for craters close to the east or west limb. 
Note the slow increase in surface bright- 
ness for Proclus, near the western limb, 
and the rapid drop to zero at phase 
angle about +45°. The opposite effect is 
shown by Schickard, which is well to the 
east of the central meridian. Its surface 
brightness remains zero until phase angle 
— 30°, then rises sharply to a peak near 
full moon, thereafter decreasing slowly to 
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zero again, at phase angle about + 150°. 

This asymmetry is readily explainable. 
The onset of brightness depends on the 
phase angle at which the sun’s rays first 
illuminate the crater. As we have noted, 
all the curves have their peaks close to 
full moon. Hence it is obvious that be- 
fore full moon the lunation curves must 
be steep for craters located near the east- 
ern limb, and gradual for those near the 
western limb. 





Another property of the curves is their 
great steepness near full moon. This is 
especially conspicuous for craters near the 
central meridian. 

The heights of the curves are not all 
the same, for they depend to a large ex- 
tent on the albedo (reflectivity) of each 
crater floor. ‘There are several different 
definitions of albedo, but that by G. P. 
Bond is the one most often used in as- 
tronomy: the ratio of the total light re- 
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They have oppositely distorted lunation curves. 


Left: Three craters in the western part of the moon 
show the typical slowly rising curve and sharp drop. 









flected from a sphere to the total light 
incident upon it. 

Van Diggelen finds that the crater floors 
have Bond albedos ranging from 0.04 to 
0.09, similar to laboratory values meas- 
ured for dark terrestrial rocks and lavas. 
However, extensive recent work by the 
Soviet astronomers V. V. Sharonov and 
Mrs. N. N. Sytinskaya has not revealed 
any terrestrial rocks that exactly match 
the lunar surface in albedo and color. 
Van Diggelen has measured various vol- 
canic ashes and obtained albedos of the 
right order of magnitude, confirming the 
widespread belief that much of the moon’s 
surface is powdery. 

Generally, craters with bright rays have 
higher albedos than the others. Examples 
of this are Aristarchus, Tycho, and Pro- 
clus. ‘The lunar maria (seas) have on the 
average slightly lower reflectivities than 


the craters, but the difference is not 
large. 

Looking more closely into the shapes 
of the lunation curves, van Diggelen 


tested whether they were influenced by 
selenographic latitude. He intercompared 
several pairs of craters located at approxi- 
mately the same distances north and south 
of the moon’s equator, and found that 
the curves were almost exactly the same. 
This agreed with the 1949 finding by H. 
F. A. Tschunko that lunation-curve shapes 
(apart from differences in albedo) were 
the same for all latitudes, and depended 
only on the selenographical longitude. 

A large part of the van Diggelen in- 
vestigation dealt with the theoretical 
interpretation of his results. What opti- 
cal laws govern them, and what can we 
infer about the physical nature of the 
lunar surface? ‘The simplest law of diffuse 
reflection is Lambert’s, which states that 
the brightness of a smooth surface is pro- 
portional to the cosine of the angle of 
incidence of the light rays. This reflec- 
tion law cannot explain the lunation 
curves, because it places the maximum at 
zero angle of incidence, not at zero phase 
angle as is observed. The same objection 
applies to the Lommel-Seeliger law, an 
expression which involves the angle of 
emergence as well as the angle of inci- 
dence. 

More complicated phase functions, such 
as the empirical ones of E. Opik in 1924 
and V. G. Fessenkov in 1928, do not fit 
the observations. Furthermore, it is not 
possible to obtain a satisfactory agreement 
by using the scattering functions derived 
by S$. Chandrasekhar for planetary atmos- 
pheres. 

Hence, it is advisable to resort to an 
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Van Diggelen believes that a surface 
of this sort, honeycombed with semi- 
elliptical cups, has reflection proper- 
ties similar to the moon’s. All dia- 
grams with this article are adapted 
from Vol. 14 of Utrecht Observatory’s 
“Recherches Astronomiques.” 


interpretation given many years ago by 
the Princeton astronomers H. N. Russell, 
R. S. Dugan, and J. Q. Stewart. They 
state on page 173 of their Astronomy: 
“The half moon, though apparently of 
half the area of the full moon, is only one 
ninth as bright. Part of this difference 
arises from the fact that in the region 
near the terminator of the half moon the 
sun’s rays strike the surface very obliquely, 
and therefore illuminate it feebly; but 
most of it must be due to the rough char- 
acter of the lunar surface, which causes it 
to be more or less darkened, except at the 
full, by the shadows cast by its own ir- 
regularities. The shadows of the moun- 
tains which are visible with the telescope 
are probably of less importance than 
those of innumerable small irregularities, 
perhaps no bigger than boulders or even 
pebbles. A homely illustration of the 
same principle is that a broken road of 
rough but white snow appears darker than 
the surrounding smooth snow if one looks 
toward the sun, and brighter if one 
looks the other way.” 

This approach to the problem was fol- 
lowed by A. L. Bennett, who in 1938 
proposed that much of the moon's sur- 
face, perhaps half, is covered with little 
hemispherical pits, too small to be seen 
individually. But lunation curves com- 
puted on this assumption did not fit ob- 
served curves well in all cases, failing to 
be steep enough near their maxima. Ben- 


Right: The structure 
of Cladonia rangiferina 
(reindeer moss). 


Left: In the laboratory, 
van Diggelen obtained 
these “lunation curves” 
for Cladonia. The solid 
curve is for a moss sam- 
ple whose apparent ori- 
entation was that of the 
center of the lunar disk, 
the dashed curve that 
of selenographic longi- 
tude 60°. Note the 
close resemblance’ to 
curves obtained for the 
moon itself. 





nett lessened this discrepancy by postulat- 
ing deeper pits, half-ellipsoids instead of 
hemispheres. By further assuming the 
pits to be separated by ash-covered level 
spaces, van Diggelen was able to obtain 
an even better representation of the 
observations. 

Because of the difficulty in fitting theo- 
retical formulas to his photometric curves, 
van Diggelen carried out a series of labo- 
ratory experiments, in which he sought to 
simulate the lunation curves with ter- 
restrial materials. Among the samples 
tested were volcanic ash, which has an 
albedo like that of crater floors; small 
glass beads, analogous to tektites which 
may occur on the moon; and metal plates 
covered with small pits or elevations. But 
the best match was obtained with a 
spongy material having numerous fine 
clefts, the lichen known as Cladonia 
rangiferina. 

The photometric measurements of this 
lichen show a pronounced maximum at 
phase angle 0°, and resemble the curves 
obtained from observations of the moon. 
Van Diggelen concluded from this that 
the moon’s surface is not merely a layer 
of dust, as has sometimes been suggested, 
but has an irregular, spongy character, 
somewhat like that of Cladonia rangi- 
ferina, with many randomly placed small- 
scale depressions and elevations. 

Apparently van Diggelen did not suc- 
ceed in explaining why relatively young 
craters with bright rays show slightly dis- 
placed maxima of their lunation curves. 
Although most of such craters he observed 
are located in the moon’s eastern hemi- 
sphere, there is at least one, Proclus, which 
is not far from the western limb. There 
seems no doubt that all these craters 
show maximum brightness after full moon. 
This is difficult to explain without as- 
suming a very strange orientation of the 
spongy surface structure. The theoretical 
interpretation of this phenomenon is 
one of the next tasks for lunar experts. 


It would be interesting to know whether 
the lunation curves of the bright rays 
reach maximum shortly after full phase. 
Most observers merely state that the rays 
are brightest approximately at full moon. 
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Left: 


Antonie Pannekoek made important contributions to Milky Way studies, astrophysics, 





and the history of astrono- 
my. Photograph by D. H. Menzel. Right: Pieter van Rhijn was an outstanding leader in stellar statistics. 


Two Famous Dutch Astronomers 


BART J. BOK, Mount Stromlo Observatory, Australia 


ITHIN a fortnight, the Nether 

\X lands lost through death two of 
its truly great astronomers, An- 

tonie Pannekoek on April 28th and Pieter 
van Rhijn on May 9th. The writer was 
the Jatter’s pupil, proud in later life to 
be counted among his close personal and 
my younger days, 
Pannekoek’s advice 


scientific friends. In 
I benefited much by 
and assistance and later also cherished his 
friendship. It is a privilege to write 
about these two men. 

Antonie Pannekoek, the older of the 
two, was born in Vaassen in 1873. He 
studied at Leiden University, his doctoral 
dissertation in 1902 the 
eclipsing system of Algol. From 1899 to 
1906, he was on the staff at Leiden Ob- 
servatory, and 1906 to 1914 
active politically in the socialist move- 


being about 


from was 
ment in Germany. 

Pannekoek Holland, to 
astronomical work and teaching in 1915. 
He founded the Astronomical Institute at 
the Amsterdam in 1921, 
where he was a professor until 1942, when 
dismissed by the 
forces. He and _ his 
happy years of retirement in the Nether- 
Until his death he 


returned to 


University of 


German 
shared 


occupation 
wife many 
lands after the war. 
remained an active worker, especially in 
the historical and philosophical aspects of 
astronomy. 
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Pieter van Rhijn was born at Gouda in 
1886, afterward his father was 
appointed a professor of theology at Gro- 
ningen, where van Rhijn was educated. 
He became a pupil of J. C. Kapteyn, with 
his doctorate and 


but soon 


whom he studied for 
to whose professorship he succeeded in 
1921. Shortly World War I, van 
Rhijn had visited America for a 
working at Mount Wilson Observatory, 
but for the remainder of his life always 
stayed close to Groningen. There he di- 
rected methodically, with care and imagi- 
nation, the affairs and researches of the 
famous Kapteyn Astronomical Laboratory. 
the end of the second world 
war, he stricken tuberculosis, 
but recovered, remaining at his post until 
his retirement in 1956. Always active, at 
the time of his death he was putting the 
on an article about 
astronomical 


before 
year, 


loward 


was with 


finishing touches 
stellar distribution 
compendium. 
Both men have left their mark on the 
development of astronomy. Pannekoek 
was the independent thinker and inno- 
vator, whereas van Rhijn was principally 
thought of by astronomers as the highly 
competent co-ordinator of the world-wide 
Selected Areas,’ 
Kapteyn. ‘The 
for abso- 


for an 


co-operative “Plan of 

with 
standard function 
lute brightnesses of the stars, which figures 


which originated 


distribution 


so prominently in modern evolutionary 
research, is always referred to in the 
literature as the “van Rhijn luminosity 
function.” 

During the first 40 years of his life, 
with Pannekoek’s political activities seem- 
ing to overshadow his scientific work, there 
was no clearly defined line to his research 
efforts. But at the early age of 18, he had 
discovered the variability of Polaris from 
visual estimates. The present professor 
of astronomy at Amsterdam, G. B. van 
\lbada, has found Pannekoek’s detailed 
account of the Polaris observations, 
written in 1891 but unpublished. He had 
obtained an approximately correct period. 
Dr. van Albada writes to me further: 

“He then continued his observations 
until 1899, when his duties at the observa- 
tory left him no more time for this (and 
other) nonprofessional astronomy. Since 
the amplitude of the variation was only 
0.06 magnitude, his observations were not 
sufhciently consistent to give more than 
strong evidence. He published his results 
in 1913, after the studies by W. W. Camp- 
bell (1906, variable radial velocity), by E. 
Hertzsprung (1910, photographic), and 
by J. Stebbins (1912, photoelectric). This 
story indicates Pannekoek’s ability as an 
observer and his self-restraint at a very 
early age.” 

Toward the beginning of his associa- 





tion with Amsterdam, Pannekoek’s plans 
for an over-all investigation of our Milky 
Way system developed. More than any 
other astronomer, he stressed the im- 
portance of accurate spectrographic classi- 
fication for the study of the nearer 
parts of the Milky Way system, and his 
paper on the distribution of A and B 
stars, in Amsterdam Publications, Vol. 2, 
had a profound effect on our thinking 
about galactic structure. He developed, 
for the first time, the approach used so 
successfully in recent years by V. A. Am- 
barzumian and by W. W. Morgan in 
studying the spiral structure and group- 
ing of stars in the galaxy. 

Pannekoek was above all a man in 
love with the beauty of the heavens. He 
began his observations of the Milky Way 
at the age of 16. On his travels, especially 
in the tropics (to Sumatra for the eclipse 
of January 14, 1926), he took every op- 
portunity to draw, photograph, and meas- 
ure the Milky Way’s brightness distribu- 
tion. Astronomers continue to consult 
his papers on the subject with pleasure 
and profit. His last published scientific 
report, in 1957, dealt with visual obser- 
vation of color differences along the band 
of our galaxy, and their probable signifi- 
cance. 

Pannekoek was always keenly aware of 
new trends in research. After publication 
of M. Saha’s ionization formula in 1920, 
the Dutch astronomer rather abruptly 
shifted his own interest and that of his 
coworkers to a new group of problems. 
These concerned stellar atmospheres and 


This sky chart, centered on 
the south celestial pole, 
shows the location of the 
southern selected areas, 
regions four degrees square 
that were chosen for inten- 
sive study. A similar pat- 
tern covers the northern 
sky. Much of van Rhijn’s 
life was devoted to the 
determination of positions, 
magnitudes, and_ spectral 
types of stars in the 206 
selected areas. On_ this 
chart the Milky Way is 
outlined according to Pan- 


nekoek’s work. From a 
publication of Potsdam 
Observatory. 


the distribution of brightness within ab- 
sorption lines in stellar spectra. Here was 
a man primarily trained as an observer 
and mathematical astronomer, turning 
in his late 40’s to the new and difficult 
borderline fields of theoretical and obser- 
vational astrophysics. He was so success- 





ful that his work in this area was a major 
contributing factor in the award to him 
of the gold medal of the Royal Astro- 
nomical Society (1951) and an honorary 
doctorate from Harvard University (1936). 

Astrophysical problems continued to 
occupy Pannekoek mostly until the 1940's, 
when he had time to carry out historical 
studies. In 1951, he published a very fine 
volume on the history of astronomy, that 
has now been translated into English, and 
printed in London by Allen and Unwin. 
Some years ago, Mrs. Bok assisted Pan- 
nekoek with the correction of the English 
translation of his Dutch text. Both she 
and I, therefore, had an opportunity to 
sample its flavor. It is a remarkable 
book, in which the development of as- 
tronomy from Babylonian days onward 
is described and examined in relation to 
the social and political systems of the 
times. Throughout A History of As- 
tronomy, the reader senses the deep con- 
cern with science and humanity that was 
so much a part of Pannekoek’s versatile 
personality. 

Van Rhijn was primarily a_ mathe- 
matical and _ statistical astronomer. He 
came to Groningen as a young student 
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a few years after Kapteyn had announced 
the plan of selected areas, which dates 
back to 1904. Astronomers all over the 
world were to collect data on the bright- 
nesses, colors, spectral characteristics, and 
motions of the stars, but this co-operative 
effort was to be limited primarily to 206 
selected regions evenly distributed over 
the sky. It was Kapteyn’s belief that 
through such a sampling we might arrive 
more quickly at a total picture of the 
structure of our Milky Way system than 
we would if the gathering of basic obser- 
vational data were to proceed in a hap- 
hazard manner. 

Van Rhijn became Kapteyn’s assistant 
at the time the first of his large durch- 
musterungs was on the way, and it was 
largely under van Rhijn’s direction that 
the three basic volumes published in 
Harvard Annals 101, 102, and 103, were 
completed. The necessary photographic 
plates for this undertaking were taken 
by Harvard and its Boyden station, and 
the standard magnitudes were determined 
by E. C. Pickering, Henrietta Leavitt, and 
others at Harvard. Similarly, van Rhijn 
became the coauthor with Kapteyn and 
F. H. Seares of the Mount Wilson 


~I 
or 











Catalogue of Photographu Maenitudes in 
Selected Areas 1-139. 

After the death of Kapteyn, van Rhijn 
realized that knowledge of spectral types 
and magnitudes of the brighter stars in 
the selected would be of funda 
mental importance for future work. In 
the late 1920's 
Rhijn’s assistant), another large co-opera 


arcas 


(when | became van 


tive investigation got under way, involy 
ing Hamburg-Bergedorf Observatory, 
Harvard, and Kapteyn Astronomical Labo 
ratory, with the first supplying spectral 
the ‘basic 


classifications, the second 


photographic plates (with polar com 


parisons for standardization), and the 
third the 
stars with known spectral types. 


In addition, van Rhijn continued un 


measured magnitudes of all 


interruptedly statistical analyses based on 
the data gathered according to the se 
lected-areas plan, He initiated and com 


pleted major studies relating to the 
stellar luminosity function, He also pre 
pared extensive tables for the distribution 
of stars over the sky, thus building a firm 
foundation for all types of investigations 
stellar 
scuring matter in the nearer parts of our 
galaxy. Most of his findings are in a 
series known as the Groningen Publica 


that the 


relating to distribution and ob 


tions, and it was only recently 


latest of these appeared on my desk here 
at’ Mount Stromlo. 
From the start, the selected-areas pro 


gram received world-wide support, and 


for many years now it has been the con 


cern of an International Astronomical 


Union special commission, which was 


headed by van Rhijn. ‘This 
continues to be active, and van Rhijn’s 


commission 


lifework is not in danger of being aban 


doned. Although we place less reliance 
on being able to study the intricate de 


Milky 


soundings in portions of the sky evenly 


sign of ou Way system through 
distributed over it, the selected areas have 
assumed increased importance as reference 
points for standards of all sorts. Away 
from the bright band of the Milky Way, 
them 


the data gathered for the areas 


selves are. sufficiently representative to 


provide excellent) basic information for 
the over-all features of galactic structure 
outside the central plane. In the years 


to come, the program of selected areas 
will most likely be enlarged and extended, 
faint, remote 


especially for a study of 


variable stars. 

Astronomers have frequently honored 
1953, for 
example, 35 Milky Way specialists gath 
week-lor 


van Rhijn and his work. In 


ered near Groningen for a 


0 
ID 


symposium on the structure of our galaxy, 





the site being selected as a tribute to 
van Rhijn. In 1956 his pupils celebrated 
his 70th birthday by publishing a hand 
some litthe volume of essays. 

It is an old that all Dutch 
astronomers are cither pupils of Kapteyn, 


saying 


or pupils of pupils of Kapteyn, or — by 
how of the third) generation. Van 
Rhijn has Jong been among the best 


known of the first generation; Willem de 
Sitter was another. 

Van Rhijn himself had many now dis 
tinguished them the 
present director of Leiden, Jan HH. Oort, 


students, among 
and van Rhijn’s successor at Groningen, 
\driaan Jan Schilt, Columbia 
University, Picter 
Swarthmore College, were pupils of van 


Blaauw. 
and van de Kamp, 
Rhijn, and others are at key astronomical 
posts in the Netherlands and in America. 
One of them has even gone to Australia! 

Among Pannekock’s students were Dr. 
\lbada and his wife Elsa van Dien, 
and the well-known Dutch astronomers 
G. van Herk and ‘TP. Walraven. Although 
not a pupil of Pannekock, the well-known 


Van 


astrophysicist H. Zanstra was his immedi 
ate successor at Amsterdam. 

Antonie Pannekoek and 
Rhijn both had Jong and happy. lives. 
Kach niche in the 


history 


Pieter van 


has carned a secure 


of astronomy. 





Three American Astronomers Die 


HE United States lost three noted as 

tronomers in June with the passing of 
Carl K. Seyfert, Frederick C. Leonard, 
and Walter Baade. On the night of June 
13th, Dr. Seyfert, professor of astronomy 
at Vanderbilt University, was killed in an 
automobile collision in Nashville, ‘Vennes 
see. Dr. Leonard, an authority on mete 
orites and professor of astronomy at the 
University of California, died in Los 
Angeles on June 23rd, at the age of 64, 
‘Two days later one of the outstanding 
astronomers of this century, Dr. Baade 
died at Géttingen in his native Germany, 
in his 68th year. 

Born in Cleveland, Ohio, 49 years ago, 
Dr. Seyfert attended Harvard University 
and received his doctoral degree there in 
1936. For four years he served as astrono 
mer at McDonald Observatory in ‘Texas, 
after which he was appointed National 
Research Council fellow at Mount Wilson 
Observatory. 

From 1942 until he joined the Vander 
bilt staff in 1946, he was associate pro- 
fessor of astronomy at Case Institute of 
Technology in Cleveland, where he ob- 
tained the first color photographs taken of 
stellar spectra. ‘Throughout the war years, 
he did research on ballistics problems. 

In 1951, Dr. Seyfert declined a Ful 
bright fellowship for study in the Nether- 
lands, as he was then establishing the 
Arthur J. Dyer Observatory, with a 24- 
inch telescope equipped with a Baker 
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that can be used for 


wide-field photography as well as visual 


rellector-corrector 


and photoelectric work. ‘The observatory 
was dedicated in 1953, with Dr. Seyfert as 
director. 

On the night of his death, he had just 
completed his evening weather forecast 
from a local television station. Dr. Seyfert 
and John HL. DeWitt, Jr. of Station 
WSM-TV, had experimented with the ap- 
plication of television equipment to astro- 
Seyfert 
board member of the Association of 


Was a 
Uni- 
\stronomy, as 
Universities, Inc. He 
of the International 
Union’s commission on ex- 
tragalactic which he 
did research. Dr. Baade was president of 


nomical observations. Dr. 


versitics for Research in 
well as Associated 
was also a member 
\stronomical 


nebulae, a field in 


this Commission. 

Dr. Leonard was born in Mt. Vernon, 
Indiana, receiving 1921 
at the University of California, where he 
worked at Lick Observatory. In the next 
decade, he organized the department of 


his doctorate in 


astronomy at UCLA, becoming chairman 
in 1931. 

During most of his life, Dr. Leonard 
was ‘interested in meteorites, feeling that 
much concerning the nature of the uni- 
verse could be learned from them. In 
1942 he started to collect micrometeorites 
needle in Arizona, and 
than 1/300 


ounce. Seven years later, he reported evi- 


with a magnetic 


found some weighing less 


dence indicating Wolf Creek crater in 
Western mcteoritic 
origin. 


Australia to be. of 


Dr. Leonard became an expert in the 
Classification of meteorites, setting up a 
system that attained wide acceptance. He 
was founder and  past-president of the 
Meteoritical Society, originally called the 
Society for Research on Meteorites, and 
editor of its publications for 25 years. 
\mong his many writings was the Cata- 
logue of the Metcoritic Falls of the World, 
published in 1956. At the 
death, Dr. Leonard was a member of the 
the Astronomical 


time of his 


board of directors of 
Society of the Pacific. 

After 27 the stall of Mount 
Wilson and Palomar Observatories, Walter 
Baade retired in 1958. Almost. immedi- 
ately he went to Géttingen University as 
visiting professor, but became ill soon 
afterward. While in California he made 
important discoveries as an observer with 
the 100- and 200-inch reflectors, and the 
48-inch Schmidt telescope. 


years on 


Two findings that have deeply influ- 
enced current astronomy are part of the 
legacy left by Dr. Baade, who was especial- 
ly known for his studies of galaxies. One 
(1944) of two. stellar 
populations; the other was his discovery 
that the galaxies were at least twice as 
distant as had been previously believed, 


was his concept 


an announcement he made at the 1952 
Rome meeting of the TAU. 

An account of Dr. Baade’s career. is 
planned for a future issue of Sky AND 


TELESCOPE. 








Magnetic Field Effects on Artificial Satellites 


RAYMOND H. WILSON, JR., Goddard Space Flight Center, National Aeronautics and Space Administration 


influence mechanical 


N MODERN TIMES, the use of mag 
netic forces to 


rotation is so familiar as to go almo 


unnoticed. An electric motor, for in 


stance, might more properly be called 


magnetic, since the electric current is 


energy for a 


fields 


merely the source of the 


sequence of interacting magnetic 
that actually drive the motor. 

\ less familiar example, in which mag 
netic forces retard rather than accelerate 
rotation, is the electromagnetic brake. A 
simple form of this, the Arago disk, was 
invented early in the 19th century by the 
director of the Paris Observatory, Fran 
cois Arago, who was a great popularizer 
of astronomy and physics. He noticed 
that any rotating metal disk, when pat 
tially immersed in a constant magnetic 
field having lines of force perpendicular 
to it, experienced a torque that tended 
either to bring the rotation to a halt, or 
to rotate the magnet with the disk. 

Ifo understand the action of this so 
called eddy-current damping, consider a 
thin ring of material that is a conductor 
of electricity and is rotating relative to 


field. The ro 


tation is about an axis in the plane of 


a surrounding magnetic 


the ring, so that the latter turns over and 
The 
current around the ring. In 
with a generalization in physics known as 
Lenz's law, this induced current travels in 
such a direction that it produces a mag 
field having polarity opposite to 
the surrounding field, and the interaction 


over. rotation induces an electric 


accordance 


netic 


SPIN AXIS 


THE EXTERNAL FIELD 





Left: When a conducting ring spins in 








Dominique Francois Arago (1786- 
1853), a director of Paris Observatory, 
was better known as a physicist than 
as an astronomer. His discovery of 
the braking action of a magnetic field 
upon a rotating disk explains the di- 
minishing spin of artificial satellites. 


of these two fields acts as a brake on the 
rotation of the ring. 

Since recent astronomical evidence in- 
dicates that outer space is permeated by 


magnetic fields, many rotating celestial 


masses having electrical conductivity will 
experience some such braking torque. 
Much attention has given this 
problem in magnetohydrodynamics, where 


been 


the mass consists mostly of an ionized gas 
or plasma, such as interstellar galactic 
material. But for space vehicles and, to 
some extent, planets and stars, we need 
consider only rigid bodies, and can obtain 
more definite numerical results. 

For artificial satellites of the earth, the 
main spin-braking force is due to the 
geomagnetic field, with which the com- 
pass us familiar. The 
magnetic field at any point above the 
earth calculated. Furthermore, 
since many common metallic shapes used 
in satellites — spheres and cylinders, for 
considered mathe- 


needle has made 


can be 


example — may be 
matically as arrays of elemental rings, 
formulas can be set up for computing 
their rotational damping in the earth’s 
field. 

seginning with Sputnik I, all artificial 
satellites have shown a decay in their ro- 
tation rate due to some braking action. 
However, many of the early satellites had 
perigee heights of only 200 miles or less, 
where the relatively dense air would 
produce a drag on protruding antennas 
or a nonspherical body. In these cases 
the magnetic action could not be clearly 
separated from the atmospheric effects. 

The first two Vanguard satellites, 195882 
and 195921, are spherically symmetrical 
and have perigees well above 300 miles. 
For spheres, it is optically difficult to 





a magnetic field, an eddy current is induced in the ring, giving rise to an oppos- 

ing electromagnetic field, thereby consuming energy of rotation. Right: An artificial satellite, in this case a sphere, may 

be thought of as made up of rings like those at the left, so its spin, and therefore its rotation, is slowed by the magnetic 
field. All diagrams with this article were provided by the author. 
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Ten-day means of the observed rota- 
tion of Vanguard I show that in the 
first two years it slowed down to about 
1/30 its original spin rate. Slight fluc- 
tuations, especially in winter months, 
are ascribed partly to temperature 
effects. After a temporary change late 
in 1959, the old rate of decay has been 
resumed in 1960. 
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observe the spin rate, although the turn 
ing of Vanguard | is presumably shown 
by the photograph on page 321 of the 
April, 1959, issue of Sky AND ‘TELESCOPE. 
However, there have been frequent and 
fairly accurate radio measures of the Van- 
guard rotation from the antenna-attitude 
modulations of the satellite signal at Mini- 
track and other ground tracking stations. 
I, having solar-cell power, 
radio signals from its 
launch March 17, 1958, to the 
present, permitting us to plot 10-day 
means of its observed spin rate, as shown 
here. Notice that the curve has, for two 
years, tended to follow a straight line on 
the logarithmic scale (an exponential de- 
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date, 


cay). ‘The spinning has slowed down by 
a factor of 2.718 every 230 days, and the 
rotation of 2.7 turns per second when 
the satellite went into orbit is less than 
1/30 of that value now. 

Some force that is proportional to the 
spin rate must be acting. We know, of 
course, what the moment of inertia of 
Vanguard I was when we constructed it, 
that is, we can calculate what its resistance 
to a change of rotation should be. The 
curve of the observed slowing down, com- 
bined with the moment of inertia, fixes 
the braking couple at a value of about 
(0.0035 unit (centimeter-gram-second_sys- 
tem) when the rotation is one turn per 
second. 
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Left: For Vanguard I, 
the main sources of mag- 
netic damping were its 
outer shell of aluminum 
alloy, seven steel bat- 
tery cans, three alumi- 
num instrument pack- 
ages, and six antennas. 
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Next, with certain assumptions regard- 
ing the strength and direction of the 
earth’s magnetic field as the satellite passes 
through it, we can compute the magnetic 
couple on various parts of the body: its 
aluminum spherical shell and ferromag- 
netic components. The dimensions of 
each element, its electrical conductivity 
and magnetic permeability, must be con- 
sidered, as well as its position within the 
satellite with reference to the axis of ro- 
tation. Vanguard I data indicates within 
a few per cent that the slowing of the 
rotation is caused by the earth’s mag- 
netic field acting as a brake. 

Magnetic permeability has a value of 
unity for a vacuum and nearly one for 
materials except the ferromagnetic metals: 
iron, cobalt, and nickel. Since the Van- 
guards contain mercury cells, each in a 
rolled-steel can with a permeability of 
about 40, the braking couple on these 
cans is about 1,600 times stronger than it 
would be had they been constructed of 
a metal like aluminum. This is because 
the magnetic torque is proportional to 
the square of the permeability. “Thus, in 
Vanguard I the damping effect on the 
seven small cells alone is almost half as 
much as that on the remaining metallic 
portions, which weigh perhaps 10 times 
as much as the cells. 

What about the fluctuations in the 
Vanguard I decay curve? The terrestrial 
magnetic field is known to vary with 
solar activity up to a few per cent. In 
addition, the magnetic permeability and 
electrical conductivity of most metals de- 
crease with rising temperature, and the 
satellite interiors would have been hottest 
around December in both 1958 and 1959, 
just when the curve shows a lesser rate 
of rotation decay. At those times the 
Vanguard orbit was so oriented that the 
satellite was in sunlight 24 hours a day. 
Also, the earth was near perihelion and 
receiving the most energy from the sun, 
and the increased clouds and snow cover 
of the Northern Hemisphere reflected 
more heat to the satellite. The meas- 
ured temperature of Vanguard I then ac- 
tually exceeded 80° centigrade (50° above 
the mean for the satellite through the 
year), so the reduction of the conductivity 
and magnetic permeability should have 
been correspondingly greater. 

Vanguard II was launched February 17, 
1959, but had no solar cells, so its spin 
rate could be observed by radio for only 
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Most of the magnetic damping of Vanguard II’s rotation is attributed to two small transformer cores. 


a few weeks. The slowing down was more 
than three times as rapid as for its prede- 
cessor, amounting to the factor 2.718 in 
only 72 days. In 10 months, Vanguard II 
should thus be spinning at less than two 
per cent of its initial rate, the rotation 
period being lengthened to over three 
minutes. By October, 1960, it will have 
slowed to one rotation per revolution. 

Thus, for this satellite a much larger 
braking torque, about 0.32 unit, is indi- 
cated for a one-second rotation time. 
From this can be deduced a mean total 
field close to the expected value of about 
0.16 gauss, as inferred from ground surveys. 

Vanguard II has a great number of fer- 
romagnetic parts, but most of the total 
retardation is due to two small nickel-iron 
transformer cores having a magnetic per- 
meability of over 2,000. The torque on 
them is over four million times that for 
a similar nonmagnetic mass. Surprisingly, 
much of the highly magnetic material 
experiences little or no damping couple. 
This is because it is either in permanent 
magnets or shields of these magnets, ef- 
fectively saturated by fields thousands of 
times greater than the general geomag- 
netic field, which is negligible by com- 
parison. 

Magnetic damping drops to zero when 
the spin axis is parallel to the field lines 
shown by the compass and dipping 
needles. The space orientation of a satel- 
lite’s spin axis could be observed directly 
if the outer surface consisted, at least 
partly, of flat facets. The model shown 
here, constructed at the Naval Research 
Laboratory, is a 30-inch sphere with 2,500 
one-inch-square glass mirrors. These would 
reflect sunlight to an observer in intermit- 
tent flashes about seven times per rota- 
lion, on the average. However, since there 


are fewer mirrors on a small circle nearer 
to the satellite’s pole of rotation, the 
satellite latitude of the reflected solar 
image could be estimated from the flash 
rate, and the orientation of the spin axis 
with reference to the sun would thus be 
known. 

Another advantage of such a polyhedral 
reflecting surface is that the sun’s image 
would be about as large as each flat face, 
instead of very tiny — only a millimeter 
in diameter seen in a smooth 20-inch 
sphere. Reflected in a one-inch flat mir- 
ror, the solar image at a 300-mile distance 
would appear as bright as the star Vega; 
even at the moon’s distance the stellar 
magnitude would be +14, detectable in 
a 15-inch telescope. 


Our knowledge of 
changes in an art?‘icial 
satellite’s rotation can 
be considerably en- 
hanced if frequent opti- 
cal observations of the 
spin rate are obtained, 
and if data on the orien- 
tation of the spin axis 
were available. A satel- 
lite with a specially de- 
signed surface, like this 
one consisting of 2,500 
small glass mirrors, may 
eventually allow us to 
obtain this information. 


The action of magnetic fields on the 
rotation of natural celestial bodies is 
usually too small and too involved with 
uncertain assumptions for clear demon- 
stration. But our experience with mag- 
netic damping in satellites can, perhaps, 
be applied to some astronomical prob- 
lems. Among these is the dissipation of 
angular momentum during the evolution 
of the solar system, if that took place in 
a magnetic field. Thus, the sun’s rotation 
might once have been only a few hours, 
compared to its present 25 days. For the 
moon and planets, it is important that 
space probes be used to determine their 
respective magnetic fields, as this infor- 
mation may be important in theoretical 
studies of the evolution of these bodies. 
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NEWS NOTES 


EXTREMELY REMOTE RADIO 
SOURCE IDENTIFIED 

The tremendous light-gathering power 
of the 200-inch telescope at Palomar Ob 
servatory has been employed by Rudolph 
Minkowski to detect and obtain the spec 
trum of the most remote object ever 
identified. It is probably a member of 
a very distant cluster of galaxies, and 
may be a single system or two galayies in 
collision, for it is also a relatively strong 
source of radio energy, even though its 
distance is estimated at six billion light- 
years. 

Ten years ago at Cambridge, England, 
radio astronomers discovered this discrete 
source in the Bootes. As 
soon as an improved position became 
available, Dr. Minkowski searched for it 
with the 200-inch reflector, but the radio 
position proved too inaccurate for him to 
choose among several optical objects in 
that region of the sky. 

Recently, however, the radio source has 
been located with much _ higher — pre- 
cision by means of a new radio telescope 
at Cambridge and with Caltech’s twin 
90-foot steerable paraboloidal antennas in 
Owens Valley, California (SKy AND ‘TELE- 
scope, April, 1959, 302). On a 
two-hour direct photograph with the 200- 
inch, the new object appears as a blurred 
dot, and in its vicinity is a group of even 
fainter “smears,” which may be a cluster 


constellation 


page 


of galaxies. 

At the June meeting of the Astronomi- 
cal Society of the Pacific in Eugene, 
Oregon, Dr. Minkowski said, “There is 
little doubt that the radio source is to be 
identified with this galaxy. The question 
can be raised, however, whether the galaxy 
is really the brightest member of the 
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cluster or whether it is a foreground ob- 
ject and the cluster is even more distant.” 

To obtain the spectrum of the object, 
200-inch exposures of 43 and nine hours 
were required. ‘These disclosed that the 
spectrum is shifted much farther to the 
red than for any galaxy heretofore ob- 
served. In fact, the normally invisible 
ultraviolet part of the spectrum appears 
in the green. Interpreted as a Doppler 
shift caused by the galaxy’s recession in an 
expanding universe, this means that the 
object is traveling away from us at 46 
per cent of the speed of light, or about 
90,000 miles per second! This indicates, 
in turn, a distance of six billion light- 
years, by far the greatest depth the 
Hale telescope has penetrated into space. 


LIGHTWEIGHT MIRRORS 
OF FUSED SILICA 

\t its plant in Bradford, Pennsylvania, 
the Corning Glass Works is now manu- 
facturing telescope mirror blanks that are 
put together like sandwiches, having as 
little as half the weight of conventional 
solid blanks. ‘They consist of two fused- 
silica plates separated by walls or tubes 
of the same high-purity glass. These 
“ribs” are permanently sealed to each 
plate under intense heat. 

Because fused silica has a_ very 
thermal expansion coefficient, the mirror 
blanks will retain their shapes under sud- 
den and extreme temperature changes, 
making them especially suitable for use in 
artificial satellites and space probes. The 
surfaces of the blanks can be worked by 
conventional methods to high optical per- 
they will accept standard 


low 


fection, and 
reflective coatings. 


Each blank can be thoroughly examined 


Some examples of the 
new lightweight mirror 
blanks being made by 
Corning Glass Works 
for use in missiles, sat- 
ellites, and aircraft. The 
fused silica that forms 
the ribbed supports is 
the same as that of the 
mirror blank itself and 
changes very little with 
temperature fluctua- 
tions. Because there is 
such freedom of choice 
in size and shape, these 
blanks can be formed to 
meet the design require- 
ments of virtually all 
reflecting telescope sys- 
tems. Corning Glass 
Works photograph. 





IN THE CURRENT JOURNALS 
THE BUILDINGS AND OLD INSTRU- 


MENTS OF THE ROYAL OBSERVA- 
TORY, GREENWICH, by P. S. Laurie, 


Observatory, February, 1960. “The 


original building consisted of little 
more than the dwelling-apartments 


and, above them, what is now known 
as the Octagon Room, a term appar- 
ently first used by G. B. Airy (1801-92) 
in 1835; the older name was always the 
Great Room. This room, 34 feet across 
and 18 feet high, is now restored to 
practically the same condition as when 
Flamsteed worked there.” 

GREAT AMERICAN SCIENTISTS: 
THE ASTRONOMERS, by George A. 
W. Boehm, Fortune, May, 1960. “The 
modern revolution in astronomy was 
shaped between 1910 and 1920, when 
men began finding answers to the three 
sweeping questions that have preoccu- 
pied astronomers ever since: What is 
the architecture and what are the di- 
mensions of the universe?) What makes 

shine? How has the universe 
evolved?” 

RADIO ASTRONOMY — A WINDOW 
ON THE UNIVERSE, by J. H. Oort, 
American Scientist, June, 1960. ““There 
can be no doubt that noiselessness is 
as essential for the further development 
of radio astronomy as darkness is for 
optical astronomy. But, in most parts 
of the world such noiselessness cannot 
be obtained by going away from the 
main centers of noise; more and more 
this noise will go around the whole 
world. It may well be that the neces- 
sary silence can only be obtained by 
a general international agreement. to 
keep certain wave-length regions free 
from man-made signals.” 


stars 


for strains and other imperfections be- 
cause it is transparent throughout. The 
impurities in the Corning fused silica 
average less than one part in a million. 


OCCULTATIONS OF BRIGHT 
STARS BY PLANETS 

The passage of Venus in front of the 
Ist-magnitude star Regulus on July 7, 
1959, was the first event of its kind ever 
observed by astronomers (Sky AND ‘TELE- 
score, September, 1959, page 606). The 
rarity of this phenomenon is made clear 
by the calculations of Jean Meeus, Kessel- 
Loo, Belgium, reported in the April 
Journal of the British Astronomical As- 
sociation. 

He has examined all the conjunctions 
of Venus with Regulus between a.p. 600 
and A.p. 2600, and found that the planet 
occults the star only four times in this 
20-century interval: on September 11, 
1128; July 7, 1959; October 1, 2044; and 
October 6, 2271. It is uncertain in the last 
case whether a grazing occultation or a 
The average fre- 


near miss will occur. 





quency of occultations of Regulus by 
Venus is once in 530 years. 

Mr. Meeus has also investigated the 
possibilities of other planetary occulta- 
tions of Ist-magnitude stars. Only five 
such stars are near enough to the ecliptic 
to be considered: Aldebaran, Pollux, Ree- 
ulus, Spica, and Antares. At present, no 
planet can occult the first two of these. 
Mercury can occult Regulus and Spica, 
the former once every six centuries on 
the average. Antares and Spica can be 
occulted by Venus, but only once in 
about 2,000 years in the case of Spica. 

Except for a possible Neptune occulta- 
tion of Regulus some centuries in the 
future, no superior planet can occult a 
Ist-magnitude star. But perturbations 
may eventually change the situation for 
some planets. For example, about A.p. 
6000 Venus will be able to occult Aldeb- 
aran. 

MAGNETIC FIELD 
OF THE GALAXY 

In recent years, astrophysicists have 
often suggested that the Milky Way sys- 
tem has a general magnetic field. Such 
a field would help explain the polariza- 
tion of starlight, certain properties of 
cosmic rays, and the stability of the gal- 
axy’s spiral arms. Theoretical estimates 
of the magnetic field intensity in the 
galaxy have ranged from 7 x 10° gauss 
(S. Chandrasekhar and E. Fermi) up to 
10" (L. Davis, Jr., and J. Greenstein). 

\t the Jodrell Bank Experimental Sta- 
tion in England, J. A. Galt, C. H. Slater, 
and W. L. H. Shuter have used the 250- 
foot radio telescope in an attempt to de- 
tect the galactic field. They studied the 
absorption lines at 21 centimeters wave 
length produced in the radio spectrum 
of the strong source Cassiopeia A_ by 
clouds of interstellar neutral hydrogen. 
They selected the narrowest of the lines, 
which has a half-width of 18 kilocycles 
and is associated with the Orion spiral 
arm of our galaxy. 

If this interstellar hydrogen lies in a 
magnetic field, the Zeeman effect takes 
place in one of two ways. When the line 
of sight is perpendicular to the lines of 
force, the 2l-cm. absorption line will be 
split into three plane-polarized compo- 
nents, but too close together to be re- 
solved directly. If, however, the line of 
sight is along the lines of force, the Zee- 
man effect produces two close compo- 
nents that are circularly polarized in 
opposite directions. ‘Their small displace- 
ments may be detected with a system 
sensitive to changes in the sense of the 
circular polarization. 

For the observations, the large radio 
telescope was fitted with a narrow-band 
receiver, which could switch rapidly be- 
tween the right-handed and _ left-handed 
polarizations. Careful scans of the 21-cm. 
line failed to show any significant Zee- 
man effect, leading the three radio as- 
tronomers to suggest that the magnetic 





field in the Orion arm’s interstellar hy- 
drogen cloud is less than about 5 x 10° 
gauss. 

However, the line of sight to Cassiopeia 
\ is inclined about 45 degrees to the 
Orion arm, and if the magnetic field is 
aligned with the spiral arm, the corre- 
sponding upper limit for the arm must be 
raised by about 1.4 times. 

Details of this work were presented in 
the March Monthly Notices of the Royal 
Astronomical Society. 


MOLECULAR ASTRONOMY 


In an article well suited to study by 
amateur astronomers, the late Andrew 
McKellar, Dominion Astrophysical Ob- 
servatory, discusses some topics in molecu- 
lar astronomy. It is published in the June 
issue of the Journal of the Royal Astro- 
nomical Society of Canada, with a num- 
ber of spectra. 

The subjects include spectroscopy of 
the atmosphere of Venus, bands of CN 
in cometary spectra and of ionized nitro- 
gen molecules in sunlit auroras, inter- 
stellar lines (with a table of 10 diffuse 
interstellar absorption features that are 
unidentified), and the cool carbon stars. 
The Canadian astronomer was especially 
well known for his studies of the abun- 
dance ratio of carbon isotopes 12 and 13, 
a problem of importance in the origin of 
the elements and the generation of stellar 


enerey. 


LITHIUM ABUNDANCES 
IN T TAURI STARS 

In the earth and in the sun’s atmos- 
phere, the proportions of the heavy 
metallic elements, such as calcium, iron, 
and nickel, are relatively about the 
same. But among the lighter elements 
there are notable differences: Hydrogen 
and helium are far more abundant on the 
sun, while the earth has relatively much 
more lithium. Presumably, in the sun 
and cooler stars this last element has been 
destroyed by some process. 

Recently W. K. Bonsack and Jesse L. 
Greenstein, California Institute of ‘TVech- 
nology, have measured the doublet line 
of neutral lithium, at a wave length of 
6708 angstroms, in the spectra of 12 stars. 
Four of these are T Tauri-type stars in- 
volved in nebulosity, while the eight 
others are similar to the former in some 
respects. ‘The doublet is a very strong 
feature of T Tauri itself, RY Tauri, RW 
Aurigae, GW Orionis and also SU Auri- 
gae, which has a red spectrum very much 
like that of T Tauri. 

For all five objects, the lithium-to- 
metals ratio exceeds the solar value by a 
factor of 100 and is approximately equal 
to the terrestrial ratio. This result sug- 
gests that these five are young stars that 
have one lithium atom for every billion 
hydrogen atoms; it is in accordance with 
the theory that IT’ Tauri objects were 
recently formed and are still in the con- 
tracting stage of their evolution. The 


remaining stars examined had no detecta- 
ble lithium. 

An estimate of the lithium abundance 
in the nebula surrounding T Tauri was 
made, since presumably this material 
formed part of the cloud from which the 
star condensed. Apparently, there is at 
least 10 times more lithium per gram in 
I’ Tauri’s atmosphere than in the sur- 
rounding nebula — a striking reversal of 
the situation in the solar system. In the 
January Astrophysical Journal, the Cali- 
fornia astronomers speculate on various 
mechanisms that might produce such an 
abundance anomaly. 
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Q. How can I minimize the fogging 
of star photographs taken during moon- 
light? 

A. Stopping down the lens and short 
exposures are a help. Use a red-sensitive 
film and red filter, since scattered moon- 
light is relatively blue. Even with these 
techniques, good photographs are gener- 
ally not possible within two days or so of 
full moon, or on bright moonlit nights 
when sky transparency is poor. 

Q. Has any refracting telescope larger 
than the Yerkes 40-inch been made? 

A. Yes, a refractor of 49.2-inch aper- 
ture was built at Paris in 1900. It did 
not fulfill expectations, and was soon dis- 
mantled. Its story was told in the August, 
1958, issue of Sky AND TELESCOPE, page 
509. 

Q. When is the next opposition of 
Mars? 

A. On December 30th of this year, 
when the planet’s disk will have an ap- 
parent diameter of 15.4 seconds of arc. 
Nearest approach to the earth (56.4 mil- 
lion miles) occurs five days earlier. 

Q. Why are tank prisms not recom- 
mended as diagonals for reflecting tele- 
Scopes? - 

A. Their surfaces are usually not 
sufficiently flat for such a critical use. 
Furthermore, if the prism has been cut 
from a larger one, the relieved stresses in 
the glass will warp it. 

Q. Which are the three nearest globu- 
lar star clusters? 

A. According to the data in the Skal- 
nate Pleso Atlas Catalogue, the nearest 
is NGC 6553 in Sagittarius, 4,200 light- 
years distant; next are NGC 6539 in 
Serpens, 5,200 light-years, and NGC 6760 
in Aquila, 6,800. All three are relatively 
small, faint clusters. 

Q. When is the next sunspot maxi- 
mum expected? 

A. In 1968, according to C. M. Min- 
nis of the Radio Research Station, Slough, 
England. However, he predicts that sun- 
spots will not be as numerous then as in 
1958, when the latest sunspot maximum 
occurred. W.E.S. 
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NEWS NOTES 


EXTREMELY REMOTE RADIO 
SOURCE IDENTIFIED 

The tremendous light-gathering power 
of the 200-inch telescope at Palomar Ob- 
servatory has been employed by Rudolph 
Minkowski to detect and obtain the spec- 
trum of the most remote object ever 
identified. It is probably a member of 
a very distant cluster of galaxies, and 
may be a single system or two galawies in 
collision, for it is also a relatively strong 
source of radio energy, even though its 
distance is estimated at six billion light- 
years. 

Ten years ago at Cambridge, England, 
radio astronomers discovered this discrete 
source in the constellation Bootes. As 
soon as an improved position became 
available, Dr. Minkowski searched for it 
with the 200-inch reflector, but the radio 
position proved too inaccurate for him to 
choose among several optical objects in 
that region of the sky. 

Recently, however, the radio source has 
been located with much higher _pre- 
cision by means of a new radio telescope 
at Cambridge and with Caltech’s twin 
90-foot steerable paraboloidal antennas in 
Owens Valley, California (Sky AND ‘TELE- 
scopE, April, 1959, page 302). On a 
two-hour direct photograph with the 200- 
inch, the new object appears as a blurred 
dot, and in its vicinity is a group of even 
fainter “smears,” which may be a cluster 
of galaxies. 

At the June meeting of the Astronomi- 
cal Society of the Pacific in Eugene, 
Oregon, Dr. Minkowski said, “There is 
little doubt that the radio source is to be 
identified with this galaxy. The question 
can be raised, however, whether the galaxy 
is really the brightest member of the 


" 
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cluster or whether it is a foreground ob- 
ject and the cluster is even more distant.” 

To obtain the spectrum of the object, 
200-inch exposures of 43 and nine hours 
were required. These disclosed that the 
spectrum is shifted much farther to the 
red than for any galaxy heretofore ob- 
served. In fact, the normally invisible 
ultraviolet part of the spectrum appears 
in the green. Interpreted as a Doppler 
shift caused by the galaxy’s recession in an 
expanding universe, this means that the 
object is traveling away from us at 46 
per cent of the speed of light, or about 
90,000 miles per second! This indicates, 
in turn, a distance of six billion light- 
years, by far the greatest depth the 
Hale telescope has penetrated into space. 


LIGHTWEIGHT MIRRORS 
OF FUSED SILICA 

At its plant in Bradford, Pennsylvania, 
the Corning Glass Works is now manu- 
facturing telescope mirror blanks that are 
put together like sandwiches, having as 
little as half the weight of conventional 
solid blanks. They consist of two fused- 
silica plates separated by walls or tubes 
of the same high-purity glass. These 
“ribs” are permanently sealed to each 
plate under intense heat. 

Because fused silica has a 
thermal expansion coefficient, the mirror 
blanks will retain their shapes under sud- 
den and extreme temperature changes, 
making them especially suitable for use in 
artificial satellites and space probes. The 
surfaces of the blanks can be worked by 
conventional methods to high optical per- 
fection, and they will accept standard 


very low 


reflective coatings. 
Each blank can be thoroughly examined 


Some examples of the 
new lightweight mirror 
blanks being made by 
Corning Glass Works 
for use in missiles, sat- 
ellites, and aircraft. The 
fused silica that forms 
the ribbed supports is 
the same as that of the 
mirror blank itself and 
changes very little with 
temperature fluctua- 
tions. Because there is 
such freedom of choice 
in size and shape, these 
blanks can be formed to 
meet the design require- 
ments of virtually all 
reflecting telescope sys- 
tems. Corning Glass 
Works photograph. 








IN THE CURRENT JOURNALS 

THE BUILDINGS AND OLD INSTRU- 
MENTS OF THE ROYAL OBSERVA- 
TORY, GREENWICH, by P. S. Laurie, 
Observatory, February, 1960. “The 
original building consisted of little 
more than the dwelling-apartments 
and, above them, what is now known 
as the Octagon Room, a term appar- 
ently first used by G. B. Airy (1801-92) 
in 1835; the older name was always the 
Great Room. This room, 34 feet across 
and 18 feet high, is now restored to 
practically the same condition as when 
Flamsteed worked there.” 

GREAT AMERICAN SCIENTISTS: 
THE ASTRONOMERS, by George A. 
W. Boehm, Fortune, May, 1960. “The 
modern revolution in astronomy was 
shaped between 1910 and 1920, when 
men began finding answers to the three 
sweeping questions that have preoccu- 
pied astronomers ever since: What is 
the architecture and what are the di- 
mensions of the universe? What makes 
stars shine? How has the’ universe 
evolved?” 

RADIO ASTRONOMY — A WINDOW 
ON THE UNIVERSE, by J. H. Oort, 
American Scientist, June, 1960. “There 
can be no doubt that noiselessness is 
as essential for the further development 
of radio astronomy as darkness is for 
optical astronomy. But, in most parts 
of the world such noiselessness cannot 
be obtained by going away from the 
main centers of noise; more and more 
this noise will go around the whole 
world. It may well be that the neces- 
sary silence can only be obtained by 
a general international agreement to 
keep certain wave-length regions free 
from man-made signals.” 


for strains and other imperfections be- 
cause it is transparent throughout. The 
impurities in the Corning fused _ silica 
average less than one part in a million. 


OCCULTATIONS OF BRIGHT 
STARS BY PLANETS 

The passage of Venus in front of the 
Ist-magnitude star Regulus on July 7, 
1959, was the first event of its kind ever 
observed by astronomers (Sky AND ‘TELE- 
score, September, 1959, page 606). The 
rarity of this phenomenon is made clear 
by the calculations of Jean Meeus, Kessel- 
Loo, Belgium, reported in the April 
Journal of the British Astronomical As- 
sociation. 

He has examined all the conjunctions 
of Venus with Regulus between a.p. 600 
and a.p. 2600, and found that the planet 
occults the star only four times in this 
20-century interval: on September 11, 
1128; July 7, 1959; October 1, 2044; and 
October 6, 2271. It is uncertain in the last 
case whether a grazing occultation or a 


near miss will occur. The average fre- 





quency of occultations of Regulus by 
Venus is once in 530 years. 

Mr. Meeus has also investigated the 
possibilities of other planetary occulta- 
tions of Ist-magnitude stars. Only five 
such stars are near enough to the ecliptic 
to be considered: Aldebaran, Pollux, Ree- 
ulus, Spica, and Antares. At present, no 
planet can occult the first two of these. 
Mercury can occult Regulus and Spica, 
the former once every six centuries on 
the average. Antares and Spica can be 
occulted by Venus, but only once in 
about 2,000 years in the case of Spica. 

Except for a possible Neptune occulta- 
tion of Regulus some centuries in the 
future, no superior planet can occult a 
Ist-magnitude star. But perturbations 
may eventually change the situation for 
some planets. For example, about A.p. 
6000 Venus will be able to occult Aldeb- 
aran. 

MAGNETIC FIELD 
OF THE GALAXY 

In recent years, astrophysicists have 
often suggested that the Milky Way sys- 
tem has a general magnetic field. Such 
a field would help explain the polariza- 
tion of starlight, certain properties of 
cosmic rays, and the stability of the gal- 
axy’s spiral arms. Theoretical estimates 
of the magnetic field intensity in the 
galaxy have ranged from 7 x 10° gauss 
(S. Chandrasekhar and E. Fermi) up to 
10" (L. Davis, Jr., and J. Greenstein). 

At the Jodrell Bank Experimental Sta- 
tion in England, J. A. Galt, C. H. Slater, 
and W. L. H. Shuter have used the 250- 
foot radio telescope in an attempt to de- 
tect the galactic field. They studied the 
absorption lines at 21 centimeters wave 
length produced in the radio spectrum 
of the strong source Cassiopeia A_ by 
clouds of interstellar neutral hydrogen. 
They selected the narrowest of the lines, 
which has a half-width of 18 kilocycles 
and is associated with the Orion spiral 
arm of our galaxy. 

If this interstellar hydrogen lies in a 
magnetic field, the Zeeman effect takes 
place in one of two ways. When the line 
of sight is perpendicular to the lines of 
force, the 2l-cm. absorption line will be 
split into three plane-polarized compo- 
nents, but too close together to be re- 
solved directly. If, however, the line of 
sight is along the lines of force, the Zee- 
man effect produces two close compo- 
nents that are circularly polarized in 
opposite directions. ‘Their small displace- 
ments may be detected with a system 
sensitive to changes in the sense of the 
circular polarization. 

For the observations, the large radio 
telescope was fitted with a narrow-band 
receiver, which could switch rapidly be- 
tween the right-handed and _ left-handed 
polarizations. Careful scans of the 2l-cm. 
line failed to show any significant Zee- 
man effect, leading the three radio as- 
tronomers to suggest that the magnetic 





field in the Orion arm’s interstellar hy- 
drogen cloud is less than about 5 x 10° 
gauss. 

However, the line of sight to Cassiopeia 
\ is inclined about 45 degrees to the 
Orion arm, and if the magnetic field is 
aligned with the spiral arm, the corre- 
sponding upper limit for the arm must be 
raised by about 1.4 times. 

Details of this work were presented in 
the March Monthly Notices of the Royal 
Astronomical Society. 


MOLECULAR ASTRONOMY 

In an article well suited to study by 
amateur astronomers, the late Andrew 
McKellar, Dominion Astrophysical Ob- 
servatory, discusses some topics in molecu- 
lar astronomy. It is published in the June 
issue of the Journal of the Royal Astro- 
nomical Society of Canada, with a num- 
ber of spectra. 

The subjects include spectroscopy of 
the atmosphere of Venus, bands of CN 
in cometary spectra and of ionized nitro- 
gen molecules in sunlit auroras, inter- 
stellar lines (with a table of 10 diffuse 
interstellar absorption features that are 
unidentified), and the cool carbon stars. 
The Canadian astronomer was especially 
well known for his studies of the abun- 
dance ratio of carbon isotopes 12 and 13, 
a problem of importance in the origin of 
the elements and the generation of stellar 


energy. 


LITHIUM ABUNDANCES 
IN T TAURI STARS 

In the earth and in the sun’s atmos- 
phere, the proportions of the heavy 
metallic elements, such as calcium, iron, 
and nickel, are relatively about the 
same. But among the lighter elements 
there are notable differences: Hydrogen 
and helium are far more abundant on the 
sun, while the earth has relatively much 
more lithium. Presumably, in the sun 
and cooler stars this last element has been 
destroyed by some process. 

Recently W. K. Bonsack and Jesse L. 
Greenstein, California Institute of Tech- 
nology, have measured the doublet line 
of neutral lithium, at a wave length of 
6708 angstroms, in the spectra of 12 stars. 
Four of these are ‘TI Tauri-type stars in- 
volved in nebulosity, while the eight 
others are similar to the former in some 
respects. The doublet is a very strong 
feature of T Tauri itself, RY Tauri, RW 
Aurigae, GW Orionis and also SU Auri- 
gae, which has a red spectrum very much 
like that of T Tauri. 

For all five objects, the lithium-to- 
metals ratio exceeds the solar value by a 
factor of 100 and is approximately equal 
to the terrestrial ratio. This result sug- 
gests that these five are young stars that 
have one lithium atom for every billion 
hydrogen atoms; it is in accordance with 
the theory that I’ Tauri objects were 
recently formed and are still in the con- 
tracting stage of their evolution. ‘The 


remaining stars examined had no detecta- 
ble lithium. 

An estimate of the lithium abundance 
in the nebula surrounding T Tauri was 
made, since presumably this material 
formed part of the cloud from which the 
star condensed. Apparently, there is at 
least 10 times more lithium per gram in 
I Tauri’s atmosphere than in the sur- 
rounding nebula — a striking reversal of 
the situation in the solar system. In the 
January Astrophysical Journal, the Cali- 
fornia astronomers speculate on various 
mechanisms that might produce such an 
abundance anomaly. 
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Q. How can I minimize the fogging 
of star photographs taken during moon- 
light? 

A. Stopping down the lens and short 
exposures are a help. Use a red-sensitive 
film and red filter, since scattered moon- 
light is relatively blue. Even with these 
techniques, good photographs are gener- 
ally not possible within two days or so of 
full moon, or on bright moonlit nights 
when sky transparency is poor. 

Q. Has any refracting telescope larger 
than the Yerkes 40-inch been made? 

A. Yes, a refractor of 49.2-inch aper- 
ture was built at Paris in 1900. It did 
not fulfill expectations, and was soon dis- 
mantled. Its story was told in the August, 
1958, issue of Sky AND TELESCOPE, page 
509. 

Q. When is the next opposition of 
Mars? 

A. On December 30th of this year, 
when the planet’s disk will have an ap- 
parent diameter of 15.4 seconds of arc. 
Nearest approach to the earth (56.4 mil- 
lion miles) occurs five days earlier. 

Q. Why are tank prisms not recom- 
mended as diagonals for reflecting tele- 
scopes? . 

A. Their surfaces are usually not 
sufficiently flat for such a critical use. 
Furthermore, if the prism has been cut 
from a larger one, the relieved stresses in 
the glass will warp it. 

Q. Which are the three nearest globu- 
lar star clusters? 

A. According to the data in the Skal- 
nate Pleso Atlas Catalogue, the nearest 
is NGC 6553 in Sagittarius, 4,200 light- 
years distant; next are NGC 6539 in 
Serpens, 5,200 light-years, and NGC 6760 
in Aquila, 6,800. All three are relatively 
small, faint clusters. 

Q. When is the next sunspot maxi- 
mum expected? 

A. In 1968, according to C. M. Min- 
nis of the Radio Research Station, Slough, 
England. However, he predicts that sun- 
spots will not be as numerous then as in 
1958, when the latest sunspot maximum 


occurred. W.E. S. 
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This large spiral galaxy is Messier 81, about eight million light-years distant, in the constellation Ursa Major. In its spiral 
arms the 120-inch telescope reveals starclouds, groups of the brightest individual stars, luminous gas clouds, and dark 
dust lanes. Most of the light comes from the myriads of unresolved fainter stars strongly concentrated toward the central 
regions. The fine, long curved arms suggest rotation, which has been confirmed by spectrographic observations. This 
30-minute exposure on a blue-sensitive emulsion was taken by George H. Herbig on January 31, 1960. 
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Compare these photographs of the 12th-magnitude spiral NGC 2146. A one-hour exposure with the 36-inch Crossley re- 
flector was used for the picture on the left. The other was obtained in 20 minutes on 103a-O emulsion behind a 
GG-13 filter with the new 120-inch, on December 1, 1959, and is enlarged 4.2 times. There is far greater detail in this 
picture. The curious multibranched dark marking is due to absorbing lanes of dust. Because it is located only 12 de- 
grees from the north celestial pole, NGC 2146 could not be reached by E. Hubble with Mount Wilson’s 100-inch reflector. 


Lick 120-inch Photographs — Il 


This dark nebula with a luminous rim is situated at the edge of the very open star cluster IC 1848 in Cassiopeia. One 

inch diagonally upward and to the right of the bright star in lower center is the nebulous image of a peculiar variable, 

LW Cassiopeiae, of magnitude 15 or 16. It was discovered in 1953 by N. E. Kurockin, Moscow Observatory, who re- 

garded it as akin to the novae. George H. Herbig took this 30-minute red-light exposure with the 120-inch telescope 
on December 6, 1959. The enlargement is about 2} times. All photographs are courtesy Lick Observatory. 
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OBSERVING THE SATELLITES 


Twin PayLoaps 


ly an unprecedented launching from 
Cape Canaveral, Florida, on June 22nd 
at 5:54:08 Universal 
strumented satellites were put into nearly 
identical orbits by the same carrier. Both 
payloads were sponsored by the U. S. 
Navy, but have quite different purposes. 
The larger, Transit 
series for developing a new, precise, all- 
while _ its 


time, two new in- 


II-A, is one pf a 


weather navigation system, 
smaller companion is intended to detect 
solar radiation. 

As with the Transit I-B sent aloft on 
April 13th (Sky AND ‘TELEscopr, June, 
1960, page 461), the first-stage booster 
was a modified Thor IRBM, and an Able- 
Star provided second-stage 
The recent firing was programmed so that 
the carrier turned southeastward, instead 
of heading northeast over the Atlantic. 
The Able-Star coasted over South America 
from Colombia to Uruguay. Then, about 
25 minutes after take-off, the jet- 
stabilized rocket was approaching latitude 


propulsion. 


when 


45° south, longitude 45° west, its engine 
was restarted to give additional speed. 
Pransit I-A thus became satellite 1960- 


y!, as designated by Space Track. Its 


companion, pushed off by spring pressure 
after explosive charges released a holding 
clamp, became 1960742. Accompanying 
these two objects but much brighter than 
them is 196073, the burnt-out last-stage 
rocket, 14.8 feet long and 4.6 feet in 
diameter. Both payloads have periods of 
101.66 minutes, with perigees of 397 and 
apogees of 658 miles. Corresponding fig- 
ures for 43 are 101.37, 391, and 647. All 
objects have inclinations of 66°.77. 
Superficially, Transit HI-A is like its 
predecessor. Both are about 36 inches in 
diameter, with spiral antennas painted 
fiberglass But the 
newer carries twice as 
many solar cells around its girdle, so that 
batteries were in- 


on. their surfaces. 


satellite about 
no primary chemical 
cluded. In this way the weight was kept 
down 223 pounds, making it 
possible to launch an additional 40-pound 
satellite at the same time, since the two 
together weigh almost as much as Transit 
I-B. 

Apparently, it was desirable to divide 
the instruments into two separate pack- 
ages because of different spin require- 
For the first week, both satellites 
were to rotate at approximately equal 
Later, to avoid unwanted modula- 


to only 


ments. 


rates. 





The 20-inch spherical payload for measuring solar radiation was mounted 
piggyback on the navigational satellite Transit II-A, which carries a girdle 
of solar cells. Johns Hopkins University photograph. 
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tion of its radio signals, the spin of 
Transit II-A will be much reduced. This 
is to be accomplished by the release of 
two weights attached to long cables that 
will be unwound by centrifugal force. 
Afterward, the rotation will be further 
reduced progressively, as the earth’s mag- 
netic field interacts with eight highly 
permeable rods, wrapped with shorted 
coils of wire. (The principle of this 
mechanism is explained by Raymond H. 
Wilson, Jr., in his article on page 77 
of this issue.) Similar devices slowed 
the rotation rate of Transit I-B. 

As the weights slip away from ‘Transit 
II-A, they will carry with them antennas 
for monitoring 3.8-megacycle cosmic radio 
noise. This experiment, designed — by 
Canada’s Defense Research ‘Telecommu- 
nications Establishment at Ottawa, is the 
first case of international co-operation in 
the development of an orbiting payload. 
The Canadian receiver is the prototype 
of a similar instrument for sounding the 
ionosphere from above. 

Already, the earlier Transit had tested 
many design features needed for success- 
ful operation of the new navigational sys- 
tem, which depends on measuring from 
shipboard the Doppler shift of radio sig- 
nals transmitted from an orbiting satellite. 
A vital requirement is frequency stability, 
for any changes during the 15 minutes 
when a ship monitors the satellite would 
result in an erroneous geographical posi- 
tion. With Transit I-B, a short-term 
frequency stability of one part in 10° was 
achieved by keeping the temperature of 
the frequency-controlling crystals constant 
to within 0.00001° Fahrenheit per day. 

The same arrangement for temperature 
control is used in the new Transit II-A. 
The crystals are kept in double-walled 
Dewar flasks hanging by nylon cords from 
the instrument tray, which is similarly 
laced to the satellite’s }-inch shell, whose 
inside is painted with gold. 

The equipment section of Transit I-A 
is thermally protected by alternate layers 
of fiberglass and aluminum foil, maintain- 
ing a temperature of +48° F. with a 
change of less than a degree per day, 
while the skin temperature varies from 
—10° to +150°. 

One practical problem of the Transit 
system for navigation had given particular 
concern — the effect of ionospheric re- 
fraction upon the received frequency. But 
the operation of Transit I-B has shown 
that this can be adequately compensated 
by using two frequencies, since, to a 
sufficient approximation, the percentage 
error in the measured radial velocity of 
the satellite relative to the observer varies 
inversely as the square of the transmitter 
frequency. I-B carried two pairs of trans- 
mitters to check this, and similar equip- 
ment is aboard II-A. 

In using the Transit system, the ship’s 
navigator must know the time to within 
0.01 second, since he is determining his 
geographical position relative to an arti- 





designed by the Naval Research Labora- 
tory. 

The purpose of this payload is the 
long-term measurement of two types of 
solar radiation that have a profound in- 
fluence on the earth’s many-layered atmos- 
phere. One sensor measures the intensity 
of the sun’s Lyman-alpha light at 1216 
angstrom units in the far ultraviolet. The 
other detector is sensitive to solar X-rays 
with wave lengths below eight angstroms. 

There is abundant evidence that the 
ionosphere is strongly affected by solar 
activity, and rocket-borne experiments 
have shown, for example, the importance 
of the wave-length regions studied here. 
Those short-duration flights have left 
many questions unanswered, however. 
196072 is the first satellite, after two un- 
successful attempts, to carry instruments 
for these wave lengths above the dense 
lower atmosphere. 

The observations from 196072 are tele- 
metered to ground at 108.00 megacycles. 
After a year in orbit, the transmitter is 
to be shut off by ground command. 


SATURN RocKET PROGRAM 





Signals from the Transit satellite are being received at the Applied Physics _. science studies await com- 
Laboratory of Johns Hopkins University, which is the computing center for pletion of the Saturn rocket, which 
the seven receiving stations. Much simpler and less expensive equipment is scheduled for 1963-64. The initial ver- 
than this will be used on ships that employ the Transit system of radio navi- sion of this vehicle will be capable of 

gation. Johns Hopkins University photograph. boosting some 25,000 pounds into a 300- 


mile earth orbit, or of sending some 
ficial satellite traveling about four miles has 156 cells, covered by fused-silica win- 9,000 pounds on an interplanetary mis- 
per second. Therefore, it is planned that dows. Four 25-inch tubular antennas are _ sion. 
operational satellites will transmit their arrayed around the equator of the sphere, The Saturn will be a three-stage rocket, 
own time signals (as well as frequently 
updated orbital data). Transit H-A is 
equipped with a frequency divider for 
signals from its crystal oscillator. 

Evidently, the precision of navigational 
fixes obtained through an orbiting satel- 
lite depends on how well its position at 
any moment is known relative to a ter- 
restrial co-ordinate system. Simple orbit 
theory does not suffice, for perturbations 
must be considered. The satellite’s mo- 
tion is perturbed by the asymmetries of 
the earth’s gravitational field, of which 
two examples are the well-known bulge 
of the earth’s equator and the slight “pear- 
shaped” distortion discovered from Van- 
guard I observations. The motion of 
Transit I-B has already yielded informa- 
tion about this kind of distortion. This 
investigation is being continued with 
Transit II-A. 

Also included in the new Transit vehicle 
is an infrared scanner that will aid in 
developing the Midas system for early de- 
tection of rocket firings. In addition, since 
the scanner can distinguish between earth 
and sky, it serves to measure the rotation 
rate of the satellite. The data from this 
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being telemetered to earth by 107.903- 
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and 108.06-megacycle transmitters. . __. --< 

’ he solar-radiation satellite, 19602, is Part of the Saturn booster stage. Spherical helium bottles at the right force fuel 
a 20-inch aluminum sphere, carrying six from nine huge tanks, four of which can be seen here. Almost 500 tons of 
symmetrically arranged patches of solar propellants will be delivered to the eight motors in only two minutes of burn- 
cells. Nine inches in diameter, each patch ing time. Redstone Arsenal photograph. 
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weighing more than 1,100,000 pounds and 


standing some 185 feet high on the 
launching pad. The first-stage booster 
rocket, which is presently undergoing 


static firing tests at Huntsville, Alabama, 
is 80 feet tall and about 22 feet in diam- 
eter. It is being designed to deliver 1} 
million pounds of thrust for two minutes, 
and in the test stand has already delivered 
a 1.3-million-pound thrust for 122 seconds. 

This tremendous burst of energy is 
achieved with a cluster of eight H-l 
engines, modified Jupiter-Thor-type ,en- 
gines being developed by the Rocketdyne 
division of North American Aviation, Inc. 
Four of these components are fixed in an 
inner square arrangement beneath the 
booster’s huge tanks, and the others, in 
an outer square, are mounted on gimbals 
and positioned by struts that respond to 
the all-inertial guidance system. 

The engines start up serially in oppos- 
ing pairs at }-second intervals, and within 
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14 seconds full thrust will be built up in 
all eight engines, compared with the 
several seconds needed in other liquid- 
fueled rockets. Eliminated is the complex 
interlocking network of controls required 
in earlier systems. 

The rocket motors actually 
triggered with rocket power. A _ single 
electric signal explodes a small solid- 
propellant charge to generate gas for im- 
parting spin to the turbopump that starts 
the flow of fuel and oxygen. When the 
pressure of these reactants becomes high 
enough, automatic valves will pop open 
to admit them to the combustion chambers, 
and a starting charge of triethyl aluminum 
will also be injected. 

\ portion of the fuel and oxygen is 
to be diverted to a small gas generator 
that keeps the turbopump spinning, but 
be designed to obtain 


will be 


the engine may 
gas for this purpose directly from the 


main combustion chamber. The walls of 
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One of the eight static firing tests already made on the assembled booster of 


the Saturn is seen here. By 1963 or 


1964, the monster three-stage rocket 


should be ready. Redstone Arsenal photograph. 
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the firebox are cooled by an improved 
system of tubing through which the re- 
actants flow, thus permitting a flame 
temperature over 5,000° Fahrenheit. 

Maximum thrust is essential at the time 
the rocket is leaving the launching pad; 
therefore, the eight automatic clamps that 
will hold Saturn down before launching 
will be released only if all eight engines 
are operating. But within a second or so 
thereafter, one of the engines could fail 
without spoiling the mission, for that en- 
gine would immediately be shut off auto- 
matically by the explosion of a. solid 
charge to stop the engine’s turbopump. 
Then the vehicle could continue under 
power from the seven other H-1’s, which 
would share the supply of reactants 
equally among them. 

Liquid oxygen is carried in a central 
tank 105 inches in diameter, and in four 
of the eight outer tanks, each 70 inches 
These tanks will support the 
weight of the upper stages. The other 
four tanks, also made of aluminum but 
with thinner walls, carry the common 
supply of RP-1, the hydrocarbon fuel for 
all the engines. 

To gain further reliability, a second 
engine can be cut off after the first minute 
of powered flight (about half the fuel 
supply having been used), provided three 
of the gimbal-mounted power plants re- 
main operating to control the rocket’s 
roll, pitch, and yaw. It is evident that 
the guidance system must be able to con- 
trol a highly unstable configuration in 
which the distribution of weight can 
change rapidly. Fifty-three possible com- 
binations of operating engines may occur! 

In 830 static test firings of the H-l, 
Rocketdyne has found satisfactory per- 
formance some 800 times. Based on this 
low early rate of failures, not all of which 
would have meant a loss of power in 
an actual mission, it has been estimated 
that all eight engines would operate in 
about three-fourths of Saturn’s launch- 
ings. ‘This situation is much improved by 
the design that permits one, or sometimes 
two, engines to fail, successful launchings 
being expected better than 97 per cent of 
the time. 

Instrument data about 970 test 
points are being collected in the Saturn 
static firings and processed in a new 
IBM 7090 solid-state computer that can 
handle nearly 14 million additions a 
minute and is more than five times as fast 
as an IBM 704. As only 10 test launch- 
ings of Saturn are planned, the first to 
take place next year, thorough analysis of 
performance data must be obtained from 
each shot. During its development, there 
were about 1,200 firings of the German 
V-2 rocket. 

No great accuracy will be required of 
the Saturn first-stage booster in either its 
position in space or velocity at power 
cutoff. Its function is to lift the upper 
stages through 20 miles or more of the 
dense atmosphere and to impart a speed 
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of only a few thousand miles per hour. ASTR ONOMICAL SCRAPBOOK 
Compensation for this relative uncertainty 

in the booster’s performance will be built 
into the guidance system for the upper 


stages. y 1 TIAT P 
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still unpublished. In addition, the very 1866-74 looked the same as now. 


and Whitney engines (from the Centaur. : : : 
aol ( ; eer important analyses by W. Prinz (1894 Let us next consider the crucial obser- 
rocket upper stage) operating on liquid P ; i 
ae ; and P. Fauth (1901) have gone generally vations of 1823-43, by Lohrmann, Madler, 
hydrogen and liquid oxygen and develop- : : : . : : 
ing 20,000 pounds of thr ust apiece. The maeTee and Semenant 
Ss I P The present appearance of Linné in In 1821 Lohrmann, a German amateur, 


S-5, being designed by Convair, will use ? : % : 
: : , : small telescopes is a conspicuous white began preparation of a detailed lunar 
two of these high-performance engines. : Pere meds : : : : 
on spot, about six miles in diameter, lying in| map, from observations with a 43-inch re- 
Recently, Rocketdyne submitted the : arena! Ne ‘ 
Se ign ote the eastern part of Mare Serenitatis. The fractor. The first four of the 25 sections 
lowest bid (some 44 million dollars) to 3 : : E 
: js spot appears smaller at lunar sunrise and of this atlas were published with an ex- 
develop an engine of 200,000 pounds : : : : Ou ; e 
: pay sunset, and attains its maximum size planatory text in 1824. On Section IV, 
thrust, to be used for S-2 in a cluster of : rs 2 
, me eae about four days before and after full Linné is depicted as a crater, labeled A. 
four and for S-3 in a pair. This company ae : peas yay : 
; ; : ‘moon. It shrinks slightly at full. This Lohrmann on page 92 of his book tells 
is also working on the F-1 engine, a ae 3 ae : : 
; ; = apparent variation, repeated each month, us: “A is the second crater on this plain 
single-chamber behemoth that will de- . : ate, ; a aE ‘ 
‘ is not peculiar to Linné, but is shared by — [Mare Serenitatis]; it lies according to my 


velop 1.5 million pounds of thrust. Used : E : p 
: ’ ‘ thi I ea other bright spots. observation in longitude +11° 27’ 22”, 
in clusters, this super-power plant may ; ; : ; ‘ ; fs 
: ir, P : Inside this white patch, large instru- latitude +27° 42’ 06”, beside a ridge ex- 
make possible manned round trips to the ; 4 WEeeS 
ments show a minute craterlet, whose tending from Sulpicius Gallus. It has a 
moon. ; i é : ; s 
diameter is under one mile according diameter of rather over one German mile 


On July Ist, responsibility for develop- , ; : 
, i ee P- to the micrometer measurements by C. {4} statute miles], is very deep, and can 
ing the Saturn passed from the Army + aes ea : - : ; PARES Sf 
ae ae . 4 Wirtz and E. E. Barnard. The western be seen in every illumination. 
Ballistic Missile Agency to the National ; : : : ; 
d ae . wall of the craterlet is noticeably thicker We learn further from page xv of the 
Aeronautics and Space Administration.  . : 2. i 
i ; : and higher than the eastern, a fact noted appendix that Lohrmann measured the 
Wernher von Braun’s group, chiefly lo- Phe ot : iy 
i z by L. Brenner about 60 years ago, and co-ordinates of Linné only once, on May 
cated at the Marshall Space Flight Center 




















at Huntsville, was transferred to NASA’s 5 aaa: 
office of launch-vehicle programs, headed 4 ther / Y P 
by Maj. Gen. Don R. Ostrander, USAF. Philipp Fauth drew this cr ee Ww 
MARSHALL MELIN detail chart of Linné’s |~> ) Pct : 
Research Station for Satellite Observation vicinity about the year 2/! ZZ) )) ax : es 
P. O. Box 4, Cambridge 38, Mass. 1906. South is above, |/// (© Daten iy 
west to the left, and one (F ME ID. A 
inch corresponds to 8.3 Fm (a be © © 
PLANETARIUM SUMMER SHOW miles. The outline of | CS ee 4 <. 
“The Seven Wonders of the Universe” ‘he white spot is shown | Sa >») 
eae Cee ae : by dotted ellipses, with- e 
is the title of the current program being. pa en \ } 
: : in which are a craterlet 
given at the American Museum-Hayden and some small ridges. || 
Planetarium in New York City. The The contour lines are ee / 
seven objects that were selected by plane- merely schematic. Re- A) 4 NS 
tarium astronomers are: the moon, Saturn, produced from Fauth’s 1 pe, 
Orion, the Crab nebula, the great globu- book, “The Moon in | Za 
lar cluster in Hercules, the entire Milky | Modern Astronomy.” S 
Way system, and the Andromeda galaxy. (————— | | 
The show will be presented through Sep- ; Nie ae © YS a | 
tember 26th. a Lhe O 
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Linné is drawn as a crater (left of 

center) in this portion of Section IV 

of W. G. Lohrmann’s moon atlas of 

1824. This reproduction is from the 

1878 edition of the atlas, in which the 

label Linné was added by the editor, 
J. F. j. Schmidt. 


28, 1823. He had chosen 
Conon as a reference point for charting 
this part of the moon, but then decided 
on Linné: “Conon be seen dis- 
tinctly near the time of full moon; A, on 
the other hand, is always visible as a 
bright spot in the gray Mare Serenitatis.” 
Except for Linné being termed a de- 
pression, these statements are quite con- 
sistent with the present appearance. The 
explanation of that discrepancy can be 
found on page 19 of Lohrmann’s work: 
“I sketch and measure the larger moun- 
tains and craters under high illumination, 
so as to be able to chart in detail as large 
a portion as possible under the rare 
favorable conditions when the region is 
near the terminator.” 
These words suggest 


previously 


cannot 


eg that Lohrmann’s 
only examination of Linné may have been 
made under a high sun, when it would 
have been easy for him to mistake a 
bright spot for a bright crater floor. Be- 
cause of this likelihood that the term 
“crater” resulted from an incorrect in- 
ference, no safe argument for change in 
Linné can be based on Lohrmann. 
Madler’s observations of Linné were 
made jointly with W. Beer at Berlin, us- 
ing a 33-inch refractor. Charting Linné 
as a crater, he describes it on page 
232 of their 1837 book: ‘““The two main 
ridges unite near the deep crater Linné, 
which according to one measure by Lohr- 
mann and seven by us lies in longitude 
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1-11° $2” 28”, latitude +-27° 47’ 13”. It 
is 1.4 German miles [six statute miles] in 
diameter and 6° bright, but indefinitely 
bounded at full moon.” 

All seven of Miidler’s positional meas- 
ures of Linné were made in one night, 
December 12, 1831, and hence their num- 
ber does not imply special attention to 
this formation on many dates. 

There is reason to believe that Madler 
made the same mistake we have ascribed 
to Lohrmann. Unlike modern observers, 
he paid particular attention to lunar 
features under high illumination, and he 
tells us explicitly that his brightness esti- 
mates were habitually so made. There 
are at least two other cases where Madler 
charted and described as craters objects 
that are really bright spots: Lassell D 
(formerly called Alpetragius d) and Birt 
C. Furthermore, the verbal similarity be- 
tween Madler’s and Lohrmann’s accounts 
suggests that the earlier one influenced 
the later. 

It remains to consider Schmidt’s records 
of 1841-43. There is a remarkable contra- 
diction between the two versions of them 
that he published. When Schmidt in 
1867 announced to the Vienna Academy 
of Sciences the disappearance of the crater 
Linné, he said he had drawn this region 
11 times between April 27, 1841, and 
August 17, 1843; only five of these draw- 
ings showed Linné, but each time as a 
crater. But Schmidt’s book of 1878 listed 
19 drawings in the same years, on at least 
two of which Linné was represented as a 
bright spot! 

At the time of these 
Schmidt was still a boy in his teens, hav- 
ing been born in 1825. He had not yet 
gained the skill and experience that were 
later to make him a leader in selenogra- 
phy, and was then using only small tele- 
scopes. For these reasons, and because of 
his inconsistent testimony, little weight 
be attached to his 1841-43 observa- 
tions. 

Our survey of the Linné history reveals 
how weak is the evidence for supposing 
that this object had ever been observed as 
a large crater. A deeper skepticism is war- 
ranted by several very early observations 
of Linné as a bright spot. It is so depicted 
in two drawings of Mare Serenitatis made 
in 1788 by the English artist John Russell, 
as was pointed out by A. A. Rambaut in 
1904. Moreover, another drawing of 1788, 
by J. H. Schréter, contains a light patch 
that is probably Linné. (This identifica- 
tion has sometimes been doubted, but is 
substantiated by Schréter’s description.) 

There is another line of inquiry to be 
traced. Madler was still alive in 1866 
when Schmidt first announced that Linné 
had changed. His re-examination of the 
formation might be expected to decide 
the issue. The aged selenographer was 
living in Germany, after having retired 
from the directorship of Dorpat Observa- 
tory in Russia, and was recovering from 
a cataract operation in April, 1866. His 


observations, 


can 


first opportunity to look again at Linné 
was on May 10, 1867, with the heliometer 
of Bonn Observatory. “I found it of the 
same form and even with the same throw 
of shadow as I remember seeing it 37 years 
before,” Madler reported. 

On that very same night, Schmidt also 
observed Linné, with the 6-inch refractor 
of Athens Observatory: “Linné appeared 
as a conspicuous hill, casting a shadow, 
more striking than I have seen, at least 
since October, 1866. The hill may have 
been 3,000 feet in diameter and 500 feet 
high. The surrounding bright patch in 
the gray plain was very insignificant.” 

What Schmidt saw is valid today as a 
description of Linné just after the sun 
has risen there. If, then, this same ap- 
pearance matched Madler’s memory of 
the 1830's, we have a further argument 
against a change having taken place. 

The Linné legend turns out to have 
no sure foundation. Instead of repeating 
it, future selenography writers might more 
realistically call attention to this forma- 
tion’s scientific importance as the best- 
studied example of a very numerous class 
of bright patches, each containing a small 
craterlet. Other prominent instances are 
Lassell D, Werner D, and Posidonius y, 
all three being strikingly similar to Linné. 
In Mare Serenitatis smaller ones are ex- 
ceedingly numerous. The systematic study 
of these objects as a class is still a rela- 
tively untouched field. 

JOSEPH ASHBROOK 
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NEW KITT PEAK DIRECTOR 

Nicholas U. Mayall, of Lick Observatory, 
has been appointed director of the Kitt 
Peak National Observatory in Arizona. 
He will assume this post on October Ist. 

Dr. Mayall succeeds C. D. Shane, also 
of Lick and president of the Associa- 
tion of Universities for Research in As- 
tronomy, Inc. (AURA), who has been the 
acting Kitt Peak director since the resig- 
nation of A. B. Meinel in March. 

In recent years Dr. Mayall has special- 
ized in spectroscopic studies of galaxies, 
an interest stimulated by his association 
with the late Edwin P. Hubble at Mount 
Wilson Observatory. The new Kitt Peak 
director is also known for his investiga- 
tions of motions and spectra of globular 
clusters and planetary nebulae. 








_—S GALA X Y *. series 


Now, as in the past, Coast Instrument’s high quality is the standard of 
comparison! The American telescope company that provides 1/20th-wave 
optics for amateurs and professionals alike again is way out in front with 
the GALAXY. No other telescope manufacturer today offers as many out- 
standing features. These superb instruments are guaranteed to resolve to, 
or surpass, Dawes’ limit on nights of good seeing. The GALAXY optics are 
hand-figured and, therefore, our instruments are able to produce results far 
better than expectations. All of the GALAXY telescopes include these 
outstanding features — rock-steady equatorial mount; quickly detachable legs 
for easy portability (only 70 seconds to assemble or disassemble entire scope 
for field trips); hydro-smooth rotating tube with built-in ocular rack; remote- 
assistance light; Opti-Set finderscope (only requires 3’° movement of head 
from finder to eyepiece, which is directly in line); Hydro-Glide (ultrasmooth, 
no backlash) focusing device; fiberglass tube; your choice of any three of 
the finest-quality oculars (Ortho-Stars), 7 mm. — 10 mm. — 16 mm. — 20 
mm. — 27 mm., or any two oculars and a Coast Achromatic Barlow 
Lens; synchro-smooth clock drive with manual flex-line control for precise 
tracking when no 110-volt power is available; wheels for ease in moving 
from location to storage area (wheels snap out for viewing). Leveling screws 
are provided for any minor difference in ground level. All in all — your 
dollar cannot purchase better viewing. All of our instruments are American 
made, and you are protected by our 20-year unconditional guarantee. 


THE DIFFERENCE 
BETWEEN THE BEST 
AND THE OTHERS 
IS SMALL 


GALAXY 6” —$ 775.00 
GALAXY 8” —$ 895.00 
GALAXY 10” —$1295.00 
GALAXY 12.5”—$1495.00 


OUR EXTENDED 
PAYMENT PLAN IS 
OFFERED TO ALL 

TAKE MONTHS TO PAY 
6—12—18—24 

IF DESIRED... 


WRITE FOR OUR LAB 
SPECIFICATION SHEET. 





GALAXY 6 INCH 





MIRRORS, PARABOLIC, GUARANTEED UP TO 1/20TH WAVE OR BETTER 
FROM COAST’S OWN OPTICAL SHOP, ALUMINIZED AND QUARTZ OVERCOATED 




















a 6" 6” Beer 10” 1212" 

- ff, __£/7.5 or /6 £/7.5 or £/6 £/7.5 or £/6 
1/20th WAVE $82.50 $115.00 $255.00 $362.50 
1/10th WAVE $62.50 $95.00 $195.00 $282.50 





_! 8th WAVE $47.50 

~_ REFIGURING, NO CHANGE IN YOUR OWN FOCAL LENGTH 
~1/20th WAVE $47.50 $65.00 $110.00 ——_—‘$175.00 
“1/10th WAVE | $37.50 ~~ $55.00 $80.00 $125.00 
ALL PRICES ABOVE INCLUDE MATCHING ELLIPTICAL DIAGONALS AND ALUMINIZING WITH 
QUARTZ OVERCOATING. 
TREAT YOURSELF TO THE FINEST — Words alone cannot express the superb quality of 
COAST mirrors — they will positively amaze you with their ‘‘out-of-this-world’’ resolving 
power. This we guarantee you! Dawes’ limit so easily! 











OPERATING MANUAL HELAJUST FOCUSING MOUNT 


by Raymond Dudley 
Explains amateur Now at a new low price, but un- 
telescope operation, excelled in construction. Both push- 
including setting : pull for coarse adjustment, and 
circles, sidereal : helical movement for fine, precise 
time alignment ore focusing. Beautifully finished in 
entation. Shows how : black crackle and_ satin chrome, 
to find 52 most with a total extension of main tube 
beautiful objects in and drawtube of 6”, and engineered 
sky as well as gener- to fit all sizes of tubes without 
al ““how-to-observe’’ modification. Has single-vane-spider 
instructions. 44 holding boss for those desiring this 
pages of informa- method of using diagonal. Guaran- 
tion every amateur teed far superior to any other low- 
riced focusing mount, or money 


needs. $1. 00 postpaid ack. (Takes 114’ eyepieces.) $9.95 














ORTHO-STAR OCULARS 


DUST SEALED — ALL COATED 
BEAUTIFUL FINISH 
Guaranteed to be the finest you ever used— 
or return for full refund! Outstanding fea- 
tures: wide flat field, sharp to the very edge; 
extra-long eye relief; parfocalized for easy 
change of power; sealed-in optics, never need 
interior cleaning; hard coated, magnesium 
fluoride; boldly marked for easy identification; striking chrome 
and black-velvet finish, beautifully machined, 114°’ i 
ORTHO-STAR oculars are available in the following focal 
lengths, giving, for example, the indicated powers when used 
in conjunction with an 8” f/8 mirror: 27 mm.—-61x; 20 mm. 
81x; 16 mm.—102x; 10 mm.-—163x; 7 mm.—233x. 
$19.50 each ppd. 


NOW AVAILABLE: 20-MM. ERFLE ORTHO-STAR OCULAR, 66°.7 
apparent field. $29.50 each ppd. 
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TRECKER-PATHFINDER $89.50 


EQUATORIAL MOUNT —_ complete 


This mount wiil accommodate 4-inch to 8-inch telescopes. Specify your 
tube size when ordering. 


Standard 36-inch height — massive 11/2-inch steel shafting, in oil-im- 
pregnated bronze bearings. 


This amazing EQUATORIAL MOUNT is just what the doctor ordered for 
mounting that homemade telescope you labored so hard to finish. Now 
you can purchase a beautifully constructed, highly rigid equatorial 
mount, COMPLETE, for your own telescope as economically as if you 
had built it yourself. -This terrific mount is made entirely of metal; 
all of the moving equatorial parts are polished to work with maximum 
ease. Legs, head, and counterweight are all removable for easy storing. 
The saddle allows complete rotation of your tube. One of the more 
important features in this mount is that the polar axle is extended for 
ease in attaching a clock drive and/or setting circles, which may be 
added at any time. The TRECKER-PATHFINDER mount also has a beau- 
tiful, chip-resistant finish. Taking all of these unusual features into 


USE OUR EXTENDED PAYMENT PLAN ON ALL SCOPES AND MOUNTS consideration, this is truly one of the best DOLLAR-FOR-DOLLAR values. 





HYDRO-GLIDE eeaene ees 


Coast Instrument’s own “‘Hydro-Glide’’ (type formerly referred 
to as “rack and pinion’). Now you can have WHISPER-SMOOTH 
control with absolutely no high and low spots as geared units 
have. This has never before been available in any focusing 
mount. Standard in appearance, yet utilizing an entirely new 
concept. We guarantee you will be astonished at its unbeliev- 
able superiority. If this isn’t the absolute ‘‘smoothest,’’ return 
it for full refund. $18.50 patent pending 





TRECKER FINDER a Send for Coast 
- Dep Instrument’s Pro- 
i i : fessional MIRROR { 


7x, 50-mm. objective, helical 








focusing, with mounts 4 and ) | : CLEANING KIT. 
crosshairs. Same as used on a > : 2.35 id. 
TRECKERSCOPES. $18.50 / . sd 


All prices, unless otherwise indicated, are at our warehouse in Long Beach, California, from 
Nominal crating charge added for all telescopes and mounts. California residents: Add 4% 


ee $6.98 10" 22... $17.95 


MIRROR 
CELLS 


Skeleton type 


4-VANE 
SPIDERS 





Cee |, EL ae $11.50 10” ..... $14.95 
isin; $10.95 122" ... $21.00 | 8” ...... $11.50 12/2” ... $16.95 








SEND FOR OUR NEW 68-PAGE CATALOG showing many of the other 
telescope items manufactured or distributed by COAST INSTRUMENT. It 
includes our treatise, ‘“WHAT YOU SHOULD KNOW, LOOK FOR, AND 
DEMAND, BEFORE BUYING ANY TELESCOPE,” an impartial, informative 
article that will give you information you’ve probably been looking for 
to help make up your mind as to just what telescope you should buy! 











where shipping charges will be added, and are subject to change without notice. 
sales tax to all prices. NOW APPOINTING DEALERSHIPS . . . INQUIRIES INVITED. 


TRECKERSCOPES ARE CUSTOM MADE IN AMERICA BY PROFESSIONAL OPTICIANS AND ENGINEERS. 


COAST INSTRUMENT, INC. 


“IN OPTICS SINCE 1933” 


4811 Long Beach Blvd., Long Beach 5, Calif. 


Phone: GArfield 2-3411 or NEvada 6-7683 
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While playing the lead in the Broadway musical “Greenwillow,” the distinguished American actor Mr. Anthony 
Perkins phoned us from New York. We learned that he had used telescopes since boyhood, has a 4-inch refractor, 
and had practically memorized our booklet. He asked some questions and in June took delivery of a quartz-mirrored 





Ouestar. When asked how he liked it, he said, “Your booklet does not do it justice.” 


him in this space. “Indeed yes,” he replied, “but change that to read ‘no catalogue could do it justice.’’ 








When you finally get tired of lifting and 
carrying your telescope in and out of doors, 
tired of setting it up and taking it down in 
chilly darkness - 

When you've had enough of heavy loads, 
of quivering tubes and images, enough of 
drives that falter and slow-motions that fall 
short - 

When you finally realize that it has be- 
come too much trouble to use your telescope 
any more because it only gives you an aching 
back and a pain in the neck — when you've 
had your fill of the whole unhandy con- 
trivance -— send for the Questar booklet! 

The Questar booklet will tell you how to 
lay your burden down. No more lifting, no 
more toting, no more setting up of heavy, 
clumsy parts. Questar weighs but 7 pounds. 
It is always assembled, always ready to use. 

It will tell you how Questar stands alone, 
the only thing of its kind, with the latest 
kind of optics, the mixed lens-mirror system 
of the new catadioptric optics. How Questar’s 
folded focal length keeps it fabulously short, 
how so short a telescope can be as stiff and 
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rigid as a great observatory instrument. It 
will tell you how Questar’s images are as 
rock-steady as a microscope’s, how its con- 
trols are ready to your fingertips, and how 
its 360° continuous slow-motions have a 
buttery smoothness with absolutely no back- 
lash at all. It will tell you of finer per- 
formance than was ever dreamed of from 
only 89 mm. of aperture, and prove that 
point by the amazing resolution of the photo- 
graphs it takes. 


But hold on — let the booklet tell you 
this — let us use this space to tell you other 
things. 


Let us speak, for instance, of investment 
value. Questar costs no more than ordinary 
"scopes would if they were so well mounted as 
to be equally solid and vibration-free. But let’s 
face it — Questar optics cost more by the 
extra hours of human labor required to make, 
for example, mirrors that must be 16 times 
more accurate of figure than the ordinary 
kind. Questar’s mounting, too, has over 235 
separate parts, each one of the best procur- 
able alloys down to the last small stainless- 
steel screw. 


LAY THAT BURDEN DOWN 


So let us tell you what we have found out 
— that Questars are so greatly in demand 
that the few which reach the second-hand 
market depreciate an average of less than 
7% per year! Imagine this — telescopes 
3 years old may bring 80% of their pur- 
chase price! We know of few manufac- 
tured products with such amazingly high value 
at resale. 

Remember then, that if you too become 
a Questar owner, you will be making the 
most conservative investment possible. We 
firmly believe that it will cost you less per 
year to enjoy a Questar. 

Questar, as illustrated, still costs only 
$995 postpaid, in handmade velvet-lined 
English leather case. Terms are available. 
May we send you the booklet? 


C@litocely 
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We asked if we could quote 
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Universal time (UT) is used unless otherwise noted. 


A TOTAL LUNAR AND A PARTIAL SOLAR ECLIPSE IN SEPTEMBER 


HE FINAL TWO eclipses of the year 

take place next month. The first is 
a total one of the moon on Monday morn- 
ing, September 5th, the second a _ partial 
of the sun on Tuesday afternoon, the 
20th. 

The lunar eclipse will be visible from 
much of North America, but in the eastern 
United States only the opening stages can 
be viewed before moonset, in the morning 
twilight. On the Pacific Coast, however, 
the entire passage of the moon through 
the umbral shadow of the earth will be 
observable. 

In the following timetable, adapted 
from the American Ephemeris, Pacific 
standard time (PST) is given. ‘To convert 
this to EST, add three hours; to CST, two 
hours; to MST, one hour. Also, if day- 
light saving time is used in your com- 
munity, add one hour to the appropriate 
standard time. 


Moon enters penumbra 0:36 a.m. 
Moon enters umbra 1:36 a.m. 
Total eclipse begins 2:38 a.m. 
Middle of the eclipse 5:2) aan, 
Total eclipse ends 4:05 a.m. 
Moon leaves umbra 5:07 a.m. 
Moon leaves penumbra 6:06 a.m. 


Suggestions for observations of lunar 
eclipses can be found in the February, 
1960, issue of Sky AND TELESCOPE, page 
227. While reports of color and estimates 
on Danjon’s scale of the darkness of the 
mid-eclipse moon are desirable, such pro- 
grams are unsafe if there is strong twi- 


| 
‘how modern 


is your telescope ? 


{_] Reflector (Newton) A.D. 1668 
light, or if the altitude above the horizon | U Refractor (Fraunhofer) 1015 
ceccrralls (] Catadioptric (Schmidt) 1931 
(_] Catadioptric (Maksutov) 1944 


As a guide to how much of the eclipse 
will be visible in different parts of the 
country, the table below gives standard 
times of moonset at various places. 


For a new adventure in sharp seeing, try 


THE VEGA 6 MaksuTov 


Aperture: 5.8” (f/4 and f/12) 








Boston, Mass. 5et> a. BS Length: 24” Weight: 37 Ibs. 
Montreal, Que. 5:22 a.m. EST Price, including Bodine electric drive, solar filter, 
Cleveland, Ohio 6:01 a.m. EST f eyepieces, camera adapter and case: $1475 
Decatur, Ga. 6:16 am. EST 
eae. wen epitome? VEGA INSTRUMENT COMPANY 
St. Louis, Mo. 5:38 a.m. CSI aye Sika: Meine: Ci 

2) Spteaes 84 -incoin Ave., Palo Alto, Calif. 
Baton Rouge, La. 5:48 a.m. CST 
Tonantzintla, Mexico 6:23 am. CST 
Denver, Colo. 5:39 aan. MST 
Mt. Palomar, Calif. 5:34 a.m. PST THE MARK iil 
Berkeley, Calif. 5:52 a.m. PST Sidereal Telescope Drive 


For example, if vou live in Missouri, 
the moon at mid-eclipse will be only a 
short distance above the western horizon, 
while a person living in Colorado will 
see the complete total phase, the moon 
setting about half an hour before last 
umbral contact. 

The partial eclipse of the sun is the 
sixth in a saros series that began in 1870 
and which will become annular in 2086. 
The maximum obscuration of the sun’s 
diameter will be about 61 per cent, as 
seen from a point in the islands of 
northern Canada. ‘The sun will set before 





Bodine Synchronous Motor. Auto- 
matic Clutch, Automatic Sidereal Time 
Circle requiring no calculation for loca- 
tion of objects, R.A. Indicator, Sidereal 
Time Indicator, Lifetime Quality, Pre- 
cision Fabrication. 

Ramsden Eyepieces 

Declination Circles 

Hour-Angle Circles 


Write for price list. 


H & W OPTICAL CO. 


654 Milwood Ave., Venice, Calif. 








eclipse begins for all places along the 
East Coast from Labrador to Florida, 
but from the Mississippi Basin westward 
most or all of the partial eclipse will be 
seen. Next month’s issue will carry furthe: 
information. 
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WEATHER OBSERVATION 
16-mm. Camera and Data Recorder 


Military-type weather observation unit contains a 
sun-angle optical system; 16-mm. magazine camera, 
motor-driven, taking single-frame pictures (similar 
to gun cameras); 8-day aircraft-type clock with 
sweep-second dial and separate hour scale; pre- 
cision mirror and lens system with graph and float 
level; filter assembly; compass; barometer; sealed 
relay; 3-digit solenoid-operated counter. 

System records simultaneously one frame showing 
exposure, barometer, compass, time, and counter 
readings, on 16-mm. film. System operates on 
12-volt d.c. 

Unit is shown disassembled, but it comes com- 
pletely assembled in original government shock- 
mounted packing. 

Perfect for celestial and industrial photography 
at a fraction of government cost. 


Pl Brand new. Shipping weight, 45 Ibs. 15” x 9” 
™ we iE x 17% 
| Price $35.00 each 
f.o.b. N. Hollywood, Calif., 
’ ’ “ ‘ or f.o.b. Utica, N. Y. 
The moon’s passage through the earth’s shadow on September 5th will take (Please specify shicginn pela) 
place at the Universal (Greenwich) times shown here. The outer, penumbral 
shadow is so weak that until the moon is half immersed in it no darkening is STANDARD ELECTRONICS, INC. 
usually noticed. The umbral shadow is much darker, and at mid-eclipse the 4900-Lankershim Blvd., North Hollywood, Calif. 








moon may have only about 1/10,000 of its uneclipsed brightness. 





August, 1960, Sky AND TELESCOPE 91] 

















You'll find these fully professional features in every Custom DYNASCOPE®! 


Exquisite optical systems, fully achromatic and corrected to meet the 
most critical research standards « Massive equatorial mounts that provide 
exceptional stability and embody the latest mechanical refinements for 
ease of operation. « Full sets of matched orthoscopic and achromatic 
eyepieces with wide flat fields sharp to extreme edges. ¢ Needle bearings 
carefully fitted on substantial shafts to assure movements so fine that 
they equal the ease and precision of a fine watch. ¢ Lifetime materials 
throughout, for atmospheric resistance and dimensional stability. ¢ Fully 
rotating tubes, with counterpoise to provide perfect balance during rota- 


MASTERPIECES 


2 2 
of forecaster uf erfiormas Oe tah dao 


All sizes of these superb 
instruments are available for 
unusually prompt delivery 

. . including this Deluxe 
10-inch model 


Every Custom DYNASCOPE is designed and built to meet such 
high standards and exacting specifications that it is the overwhelm- 
ing choice of schools, colleges, universities, and many well-known 
professional astronomers. Each of these magnificent instruments 
incorporates features that are years ahead in optical engineering, 
yet based on time-tested principles. Each is painstakingly produced 
and assembled by craftsmen who put careful workmanship before 





tion. * Rotary secondary supports to minimize diffraction. * Exclusive 
Dyna-mesh rack and pinion focus for smoother, more accurate focusing 
action. © Two-way pier tripods (Pat. Pending) in 6-inch and 8-inch 
models. 45-pound pier can be mounted permanently. Portable tripod is 
instantly removable for field trips. e Highly accurate electric drives, 
free from backlash, with fully compensating clutch. ¢ 8x50 coated 
achromatic finderscopes with crosshairs and extra-large 6° fields. ¢ 7’- 
diameter setting circles spoked for easy setting. Graduated with verniers. 
« Super sensitive slow motion flex line control * Adjustable to all latitudes. 








DYNASCOPES 
in your 
choice of 
6-8 -10 
12.5 -16° 
models 


speed. Each is required to pass, flawlessly, a long series of rigid 
performance and operational tests. Nothing is overlooked to make 
sure that these superb telescopes are the finest in their class, regard- 
less of price. Whichever size you select, we guarantee that it must 
measure up to this standard or your purchase price will be refunded 
in full. You can order with absolute confidence...and with the 
exciting expectation of new thrills and experiences ahead. 


CUSTOM DYNASCOPES— PRICE AND DELIVERY SCHEDULE 














Colorful 

New Brochure CONVENIENT TIME PAYMENT PLANS AVAILABLE ON ALL MODELS 

nating SIX-INCH EIGHT-INCH 10-INCH 12.5-INCH pO 

Send today for STANDARD DELUXE STANDARD DELUXE DELUXE © DELUXE MODEL 

this fascinating 

new booklet that $265 $475 $385 $595 $895 $1,265 $4,200 up 

gives you the full Complete Complete Complete Complete Complete Complete 
PET Heer: : =a! ail Shipping Shipping Shipping Shipping Shipping Shipping Equipped 
specifications on all Custom Dyna Weight Weight Weight Weight Weight Weight To Your 
scopes, plus helpful information to 80 Ibs. 150 Ibs. 145 Ibs. 185 Ibs. 245 Ibs. 300 Ibs. Specifications 
guide you in the selection of your 21 Day Delivery 21 Day Delivery 30 Day Delivery 30 Day Delivery 























next telescope. A postcard will 
bring your copy FREE! 


© Copyright 1960 Criterion Mfg. Co, 


Standard Six and Eight Inch Models Do Not Include Electric Clock Drive, Setting Circles, Slow Motion Control Or Pier 
All Telescopes Are Shipped F.0.B. Hartford, Connecticut * No Additional Charge For Packing and Crating 


® TM Registered U.S, Pat. Office 


Manufacturers of Quality Optical Instruments 


CRITERION MANUFACTURING CO. verr. 
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D-40, 331 CHURCH ST., HARTFORD I, CONN. 
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DEEP-SKY WONDERS 

BSERVERS who have access to classi- 
cal amateur handbooks, such as W. 
H. Smyth’s Cycle of Celestial Objects or 
T. W. Webb’s Celestial Objects for Com- 
mon Telescopes, are often surprised that 
all of the Messier objects are not listed, 
even though many fainter nebulae and 

clusters are commented on. 
There are several reasons for this. Prob- 
ably the most important is that these 
books were written in England. At a 





Right: The galactic 
cluster M25 lies 0.8 
degree south of the 
5th-magnitude star at 
bottom center. Very 
recently, the distance 
of M25 has been inde- 
pendently measured 
as 1,860 light-years 
by A. Sandage and as 
1,960 by H. L. John- 
son. The _ brightest 
star in this cluster is 
the Cepheid variable 
U Sagittarii. 


Left: The remarka- 
ble Omega nebula in 
Sagittarius is a re- 
warding sight in even 
small telescopes. This 
vast cloud of glowing 
gas is caused to shine 
by hot stars inside it. 
Both pictures are by 
the Palomar Schmidt 
telescope, and are re- 
produced on a scale 
of 34 inches to one 
degree, with south at 
the top. 











ASTROLA Reflecting Telescopes 


AMERICAN MADE — AVAILABLE NATIONALLY ON EXTENDED TIME PAYMENTS 





All-New De Luxe Model “B’’ 8’ ASTROLA, f/7, with 
rotating tube, clock drive, setting circles, and 3 oculars 


(85x, 210x, 360x, or 3 of your choice). $590.00 
plus $12.50 packing and crating charges. 

PORTABLE ASTROLA REFLECTORS 

Oe “RENN SE OE ng 5:3 sd ae ccisceienens $194.50 

6’ Standard..... $325.00 6’’ De Luxe..... $500.00 

8” Standard..... $390.00 8 De Luxe..... $590.00 

10’ Standard..... $495.00 10’ De Luxe..... $750.00 


FINEST OPTICS—FINEST PERFORMANCE 


Only the finest possible optical quality in a Newtonian reflecting telescope mirror and diagonal 
can render perfect optical performance in any telescope. 

Although we have manufactured well over a thousand complete ASTROLA telescopes since 
1953, at an ever-accelerating rate of sales and production, we have specialized in providing the 
very finest optical-quality new mirrors from 6” to 18” aperture for discriminating and serious 
observers and for laboratory and research use. For amateurs, we also have made a specialty of 
refiguring or refinishing mirrors that originally were not of the highest standard of quality. 

Each mirror that we manufacture is of pyrex glass and is figured to provide equal intrafocal 
and extrafocal star images with high power. This is the ultimate optical test which can be met by 
any mirror. We also include our 1/10-wave pyrex elliptical diagonal and aluminizing by Pancro 
Mirrors’ exclusive process. We have available, for immediate delivery, mirrors of normal focal 
ratio in 6, 8”, and 10” aperture. 





NEW PYREX MIRRORS REFIGURING 
GO cases sccnsnisatunastsacstecssicotiees SN roca sns sass txcevens cenaiscdicts $ 35.00 
Ser cxcccouczenestueesasa Sh Wasa cass esis scstnecovassaseisnsiee $ 50.00 
Oineracssveccssecsersyetssesecertsesnianes SOIR esasssisssciscascaaiacsecasdicesates $ 75.00 
UI cseceaccesastc cussacecasccevesaveqayed SRN scsessccsasscsticcsassasececsscsig $120.00 
RQ cstssesaccescecsecscuascuserseceaier! Arex isissscascacncicsvssctacssrsonead $450.00 


1/10-WAVE ELLIPTICAL DIAGONALS sold separately: 1.050-inch major axis, $6.00; 1.300 m.a., $8.00; 
1.550 m.a., $11.00; 1.780 m.a., $13.00; 2.140 m.a., $18.00; 2.610 m.a., $21.50; 3.000 m.a., $32.00. 


MIRROR CELLS, TUBES, SPIDERS, FOCUSERS, FINDERS, MOUNTINGS, 
OCULARS, CLOCK DRIVES, SETTING CIRCLES, AND ALL ACCESSORIES. 
Send for new 1960 color catalogue. 


Complete ASTROLA telescopes, 6" to 18” aperture, all manufactured by 


CAVE OPTICAL COMPANY 


4137 E. Anaheim St., Long Beach 4, Calif. Phone: GEneva 4-2613 








August, 1960, Sky AND TELESCOPE 93 








U.S. SURPLUS BARGAINS 


IN HIGH-QUALITY OPTICAL PARTS AND 






EQUIPMENT 





BAUSCH & LOMB f/6 
AERO-TESSAR LENS 


Focal length 24”. Com- 
pletely mounted with iris 
and shutter. Excelent for 
wide-field telescope. All 
in excellent condition. 


Price $25.00 






WIDE-ANGLE ERFLE EYEPIECE 
(68° Field) 
Coated optics, 3 achromatic lenses. 


1144” focal length, 1-13/16” aperture. 
Price $12.50 





16-mm. AERIAL GUN 
CAMERA, MODEL AN-N6 


Takes standard 16- 
mm. magazine !oad 
(50’). Operates at 


16, 32, or 64 frames 
per second. Complete 
with Wollensak Type 
Viens, 13%” (35- 
mm.), £/3.5. Excel- 
lent condition. Oper- 
ates on 24-volt d.c. 
Price $22.50 


METAL PARABOLOIDAL MIRROR 


These are made of hastelloy hard metal. 
12” diameter. 534” focal length. Manu- 
factured by Bausch & Lomb. Approx. 
weight. 314 lbs. Brand-new condition. 


Price $10.00 each 





LENS ASSEMBLY 
48” FOCAL LENGTH — f/6.3 


This was used with the K40 aerial camera, which 
takes a 9” x 18” plate. Manufactured by Eastman 
Kodak. Approx. dimensions, 14” diam., 26” long. 
Contains built-in filters and iris. Lenses mounted in 
aluminum housing. Approx. weight of unit, 125 lbs. 
All in original crates. Approx. shipping weight, 
200 Ibs. 


Price $150.00 








BAUSCH & LOMB 
f/8 TELEPHOTO LENS 


Coated lenses. Focal length 
36”. Completely mounted 
with iris and shutter. Ap- 
prox. weight 25 Ibs. Excel- 
lent condition. Price $49.50 


24-hr. dial and civil- 
date indicator. Center 
sweep second hand. 
Luminous figures and 
hands on black face. 
Case is made of black 
plastic. 344” mounting. 
Manufactured by Wal- 
tham Watch Co. Price 
$20.95 postpaid 





8-POWER WIDE-FIELD ELBOW TELESCOPE 





COATED LENSES 


Field of view 8° 45’. Large focusing Erfle eyepiece. 
Eye lens diameter 2-1/16” with diopter scale +2 - —4. 


4 built-in filters — clear, neutral, red, amber. Length 
157g”, width 636”, height 734”, weight approx. 914 
Ibs. Excellent unused condition. Price $39.50 


8-POWER ELBOW TELESCOPE 


objective; Kellner eyepiece; Amici erecting prism: 
{ built-in filters; reticle illumination; field is 6° (325 
ft. at 1,000 yds.). The focusing 28-mm. eyepiece al- 
lows focus from 15 ft. to infinity. Weight 5 Ibs. 


These were used by the government 
for antiaircraft. Government cost 
over $200.00. Price $12.50 


7” 









5” SCHMIDT 
ULTRA-HIGH-SPEED 
OBJECTIVE LENS SYSTEM 


Eastman Kodak infrared re- 
ceiver, formerly known as 
U. S. Navy Metascope, Type 
B. 7” long with 5” Schmidt 
ultra-high-speed objective lens 





(approx. f/0.5). Elaborate 
optical system, many coated lenses. Uses two pen- 
light batteries. Government cost, approx. $300.00. 


Factory-new. Shipping wt. 9 lbs. Price $19.95 


Waterproof carrying case extra. Shipping wt. 3 lbs. 


Price $3.00 


NAVY INFRARED RECEIVER, 
TYPE C-3 

Produces visible image from | 
infrared image in complete | 
darkness. For seeing in dark | 
with infrared light — source. 
Nothing to wear out. Operates 

on two flashlight batteries. Has 
high-voltage power supply and 
image tube (1P25) and elaborate optical system. 
Weighs only 614 pounds and is only 11” long, 8” 
high, 514” wide. Manufactured by R. C. A. Objective 
f/0.9 Schmidt system, 2.4” focal length, 34%4” aperture. 
Excellent condition, with waterproof carrying case. 
Price $35.00 








INFRARED FILTERS 
534” diam. x 14” thick. Price $2.95 


16-mm. SINGLE-FRAME CAMERA 


Manufactured by Bell & How- 
ell (200 series). 50’ maga- 
zine load. Operates on 12- 
volt d.c. Has rotary solenoid, 
standard C mount, less lens 
and view finder. Excellent for 
photographing records, nature 
Study, and so forth. Price 
$35 








K24 AERIAL CAMERA 
WITH 7” £/2.5 KODAK 
AERO-EKTAR LENS 

Camera weighs 26 lbs. Size: 
10” x 11” x 16”, Removable 
magazine. Picture size: 5” x 
5”. Diaphragm adjustment 
from f/2.5 to £/16. Film 
may be advanced manually or 
by 24-volt d.c. motor. 
Used, in good condition 
New condition 





Price $50.00 
Price $79.50 


KODAK AERO-EKTAR 
£/2.5, 
6” f.1. 


Mounted in 
barrel. Hard- 
coated lenses, 
color corrected. 
yellow filters. 








Complete with dust caps. Red and 


Price $25.00 


BAUSCH & LOMB f/6, 24” f.1. 

AERO-TESSAR 

LENS SET 

Clear diameter of front lens 

is 4”; rear lens is 352”. Set 

consists of two metal- 

mounted elements. Price 
00 





AERO-EKTAR 
£/2:5, 12" Fl. 
Completely mounted _with 


iris and shutter. Origi- 
nally manufactured for 
night-photography aerial 
camera. Film size, 9” x 
9”, Excellent condition. 
Price $50.00 








ELBOW TELESCOPE M3 


May be varied from 10 to 20 power. 
Field of view at 20 power, 3° 5’; at 
10 power, 6° 9’. Objective lens 214” 
in diameter. Approx. size: 17” x 
1414”. Approx. weight: 14 Ibs. Uses 
penta prism and erecting lens. Price 
$19.95 
















AIR FORCE BUBBLE SEXTANT, TYPE Al10A 


Complete with carrying case, 
plastic disks, battery case for 
night illumination, plus two- 
power telescope for use on 
stars. Spare grain-of-wheat 
lamps. Like new — ready to 
use. Price $19.95 








Send full amount with order. All prices, 
except as noted, net f.o.b. Pasadena, Calif. 


No C.0.D.’s, please. 


C&H SALES CO. 


2176 East Colorado St. 
Pasadena 8, Calif. MUrray 1-7393 
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latitude of about 52°, London is three 
degrees north of Paris where Messier 
worked. There is thus a noticeable differ- 
ence in the visibility of the Scorpius- 
Sagittarius section of the Milky Way. 
Amateurs who live in the United States 
should, therefore, have little difficulty in 
viewing all the Messier objects, the south- 
ernmost of which is M7, a galactic cluster 
in Scorpius at declination —35°. When 
on the meridian at New York City, it is 
about 15 degrees above the horizon. 

The photographs this month show two 
of the Messier objects in the tremendous 
tangle of starclouds, clusters, and dark 
nebulae comprising Sagittarius. M17, or 
NGC 6618, at 18" 17.9, —16° 12” (1950 
co-ordinates) is better known as the Omega 
or Horseshoe nebula. It covers an_ir- 
regular area of 46’ by 37’ north of the 
Small Starcloud in Sagittarius. 

Both Smyth and Webb place M17 in 
Scutum, or Clypeus Sobieskii (Sobieski’s 
shield), as the constellation was once 
known. Visible in a finder, the Omega 
nebula appears “overexposed” in a rich- 
field telescope, but becomes a _ most 


marvelous object in a 10-inch with a mag- ° 


nification of 80x. 

Nearly a degree south of M17, well out- 
side the field shown here, lies the open 
cluster M18, NGC 6613. Look halfway 
from the Omega nebula toward the top of 
the Small Starcloud. This 7th-magnitude 
cluster, only 7’ across, is at 18" 17™.0, 
—17° 9. Though of limited membership, 
containing but 12 stars according to the 
Skalnate Pleso catalogue, it appears quite 
clusterlike against one of the darker 
regions of the sky in this area. 

A glance at the illustration shows that 
cluster M25, listed as 4725 in the second 
Index Catalogue, is rather coarse and 
brilliant. Search for it east of the Small 
Starcloud, at 18" 28.8, —19° 17’. Cover- 
ing an area slightly larger than the full 
moon, and containing over 50 stars, this 
is a conspicuous object. Rich-field instru- 
ments used under perfect seeing condi- 
tions can uncover a “ghost” of this cluster 
a degree to the west. Looking like a hazy 
sphere, the latter is hard to find visually, 
although it is obvious on photographs. 

WALTER SCOTT HOUSTON 
Rte. 3, Manhattan, Kans. 


EARLY JUNE AURORAS 
WO auroras were observed on succes- 
sive nights in early June. The more 
widely seen one was on June 3-4, obser- 
vations having been made by amateurs 
from New York to Colorado. 

At Mt. Pleasant, Pennsylvania, Robert 
Brosky first noticed the aurora at 12:45 
a.m., Eastern standard time. By 2:15, 
a beautiful patch of blood-red rays ap- 
peared in the northwest about 25 degrees 
up the sky. At about this same time, Jack 
Hills, in Independence, Kansas, who had 
been observing Jupiter with his 8-inch 
reflector, noted half a dozen parallel 








Magnusson Telescopes and Accessories 
% Mountings as low as $29.00 and $59.00. 
% Low-priced clock drives and other accessories. 
Parts are sold separately. Write for prices. 


SETTING CIRCLES 


Made of choice aluminum or brass, 
machined and polished all over. 
Hour circles, machine-scribed with 
hour, half-hour, and _ five-minute 
marks. Declination circles scribed 
in degrees 0-90-0-90. Numbers 
stamped with 1¢” dies. Holes 
reamed standard sizes. State sizes. 














Aluminum Brass 
S” circles, set of tWO- .<cccscsceccne SIS Ona icctestnn $19.50 
6” circles, set Of CWO ....ccccocceee 720) | ce ee a $22.10 
8 CHELES, SE OF CWO: sa ccveceecssas 7 1) ) Saar $31.20 
Oo MAGNUSSON 14570 West 52nd Ave. 
° Arvada, Colorado 
SIX MILES FROM MARS! 
WE ARE LOCATED SiX MILES SOUTHEAST OF MARS, PENNSYLVANIA! 
TELESCOPE MIRRORS 
CA. or s” 10” 12" 16" 20” 24" 
£/5-10 $ 55.00 $ 95.00 $160.00 $ 250.00 $475.00 $ 900.00 $1900.00 
£/4 80.00 135.00 195.00 295.00 555.00 1100.00 2100.00 
f/3* 110.00 190.00 240.00 325.00 
£/2* 190.00 380.00 500.00 750.00 
f/1* 250.00 500.00 750.00 1000.00 


f/4 to f/10 figured to 14-wave sodium light. 











Focal lengths held to plus or minus 1%. 


*f/1 to £/3: 90% of reflected light rays within 0.004”-diameter image. 


Terms: 


Certified Test Report with all mirrors. 


On orders of $250.00 or less, 25% with order, balance when ready for delivery. Over 


$250.00, terms may be arranged. 


Optical elements of other types and tolerances quoted on request. 


THREE “B” OPTICAL CO. 


Write or phone. 
Dept. A, R.D. 4, Box 225 


Gibsonia, Pennsylvania 
Phone: Hilltop 3-1178 











YOUR TELESCOPE IS NO BETTER THAN YOUR ABILITY 
TO FIND THE THINGS YOU WANT TO SEE 


Now — for the first time 





ACCUSTAR 


An entirely practical solution to the 
amateur’s biggest problem. Now you 
can find celestial objects with an ease, 
speed, and accuracy never before ap- 
proached. 


To find any object you must know the 
sidereal time, and ACCUSTAR will give 
it to you instantly. Having already set 
the outer disk to your longitude, turn 
the inner disk until your clock (stand- 
ard) time mark coincides with the date. 
The sidereal time is then indicated on 
the inner dial. It’s as simple as that. 
Consistently accurate within two minutes 
or less. 


ACCUSTAR will do many things: tell 
precisely where any star or constellation 
will be at any time or place, determine 
longitude, tell the solar time with one 
simple observation easily made with 
ACCUSTAR. 


ACCUSTAR and the book, 
Find the Stars 


$9.75 


A precision instrument, blue and gold 
in color, 10 by 12 inches, plastic 
coated, metal backed, weighs less than 
a pound. Nothing to get out of order. 

The 56-page book Find the Stars has 
23 sky maps and needed information on 
over 250 celestial objects of prime in- 
terest to the amateur. 


ACCUSTAR will be your indispensa- 
ble guide to the heavens and multiply 
your pleasure in exploring them. Place 
your order now, 


P. O. Box 2806, Detroit 31, Michigan 
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USED TELESCOPES ON HAND 


1 5” refractor, equatorially mounted. Complete 
with H & W Optical Co.'s Mark III drive; 
setting circles; large Unihex with Super 
Unihex eyepiece, two Brandon and two J. W 
Fecker oculars; erecting prism; camera adapt 
ers; and many other small items A seal 
de luxe telescope my own in use at 


my home $600.00 
1 Unitron 3” altazimuth refractor, Model 140 
Complete with Unihex and several accesso 


ries; original boxes. Cost $300.00 new 


$175.00 
1 Skyscope, same as has been advertised in 
Sky and Telescope for years. Complete with 

two oculars, tripod, and so forth $32. 


1 Goto Hy-Score refractor, Model 451. 900 mm 
4”, altazimuth mounting. Like new. 

2 Bushnell 35-mm. Teledapters Each, $15.00 

1 NEW ! 6” telescope, constructed in our shop 
Has entire Cleveland Astronomics equatorial || 
mounting, with setting circles, tripod, 6” TI 
Criterion mirror, one Brandon eyepiece. Com 
plete in all respects, with finder $225.00 

Just Arrived from Scotland — 

Charles Frank 6” {/8 mirrors, complete with 
matching prisms $60.0 
The reputation of Charles Frank is world-wide 
We import directly Satisfaction guaranteed or 
money refunded 


ALL USED EQUIPMENT SUBJECT TO PRIOR SALE. 


Before you buy or trade a 
telescope or radio amateur 
gear, see WARD W2FEU 
for the best deal. 


Established 1936 





ADIRONDACK 
RADIO SUPPLY 
P. O. Box 88, Amsterdam, N. ¥ 


Ward J]. Hinkle, W2FEU Owner 












PS 
aVvrae 
9 
or 


Small 


~ Highly oe 


Optics are our business. 


For quality u ithout compromise 


T _ OPTICAL LABORATORIES 


F P. 0. Box 481 


Huntington Beach, Calif 
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R. F. Newell, Jr., recorded the June 3-4 aurora with a 7-inch £/2.5 Aero-Ektar 

lens at 4:30 Universal time. The exposure was about 10 seconds long. The 

picture is centered in eastern Hercules with Corona Borealis at the right. 
North is toward the upper left, east toward lower left. 


rays centered on the constellation Cassi 
opeia to the northeast, their total com 
bined width being about 15 degrees. 

\lso reporting on this aurora were 
Raymond F. Newell, Jr., Rochester, New 
York; Walter A. Feibelman, Pittsburgh, 
Pennsylvania; Byron E. Painter, Rapid 
City, South Dakota; and J. R. Otoupalik, 
Greeley, Colorado. At Madison, Wiscon- 
sin, George W. Rippen used a new elec 
tronic tracking device to map the display. 

Mr. Rippen also saw an aurora the fol 
lowing night; one bright homogeneous 
are persisted throughout the display. Craig 
L.. Johnson, Boulder, Colorado, took pho- 
tographs of the predominantly pale green 
phenomenon. 


SUNSPOT NUMBERS 
The following American sunspot num 
bers for May have been derived by 
Dr. Sarah J. Hill, Whitin Observatory, 


Wellesley College, from AAVSO_ Solar 
Division observations. 
May 1, 96; 2, 96; 3, 102; 4, 93; 5, 90; 


6, 90; 7, 105; 8, 117; 9, 144; 10, 123; 11, 
126; 12, 111; 13, 95: 14, 79;. 15,80: 56, 
106; 17, 89; 18, 89; 19, 92; 20, 100; 21, 
84; 22, 116; 23, 129; 24, 127; 25, 107; 26, 
122; 27, 118; 28, 102; 29, 98; 30, 96; 31, 
95. Mean for May, 104.1. 

Below are provisional mean_ relative 
sunspot numbers for June by Dr. M. 
Waldmeier, director of Zurich Observa- 
tory, from observations there and at its 
stations at Locarno and Arosa. 

June 1, 100: 2, 90; 3, 109; 4, 113; 5, 99; 
6, 109; 7, 123; 8, 113; 9, 118; 10, 147; 11, 
142; 12, 155; 13, 131; 14, 131; 15, 144; 16, 
138; 17, 105; 18, 91; 19, 81; 20, 60; 21, 56; 


22, 50; 23, 58; 24, 68; 25,80; 26, 99; 27, 
116; 28, 140; 29, 147; 30, 165. Mean for 
June, 109.3. 


The aurora of June 3-4 appeared quite 
red when W. A. Feibelman took this 
15-second exposure shortly after 4:20 
UT. Photographic and visual observa- 


tions by Peter Schultz, Arlington 
Heights, Ill., recorded similar effects. 















































M-—1 Medium-size plane- 
tarium 

274” EQUATORIAL telescope 
4” EQUATORIAL telescope 
Console for Remote Control 
Museum of Art, Science & 
Industry, Ninety Acres Park, 
275 Congress Street, Bridge- 
port, Conn / 


GOTO MEDIUM-SIZE PLANETARIUM 


The Museum of Art, Science & industry, Bridgeport, Connecticut 
is the first institution to install Goto’s M-1 medium-size planetar- 
ium in its dome. It will open to the public in the fall of this 
year. The planetarium has won high acclaim when displayed at 
the 4th annual United States World Trade Fair in May 1960. 


Established in 1926, Japan’s oldest and largest GOTO OPTICAL MFG C0 
firm specializing in astronomical telescopes. s # 


1-115 Shimmachi, Setagaya-ku, Tokyo, Japan 
Cable Address: GOTOPTIC TOKYO 
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Perfect companions for your observing programs 


DE LUXE ATLAS OF THE HEAVENS 
and the ATLAS COELI CATALOGUE 


Both by Antonin Becvar and his coworkers 
at the Skalnate Pleso Observatory 


The De Luxe Atlas of the Heavens has 16 sturdily bound charts, which cover the 
entire sky to magnitude 7.75. Printed in many colors, more than 35,000 celestial 
objects, including over 100 radio sources, are plotted on the large 161/2-by-23-inch 
maps. You'll find double, multiple, and variable stars; novae, clusters, globulars, and 
planetaries; bright and dark nebulae; the Milky Way and constellation boundaries 
Bayer-letter and Flamsteed-number designations “are given. Tre transparent grid 
overlay facilitates locating the object you want. An atlas without equal! 


The Atlas Coeli Catalogue (As/as Coeli Il, Katalog 1950.0) is the most com- 
plete check list of celestial objects ever offered the amateur observer. Listed, with 
descriptive data, are the 6,362 stars brighter than magnitude 6.26, with their right 
ascensions and declinations for 1950, precessions, proper motions, magnitudes, and 
spectra; 293 open star clusters; 100 globular clusters; 240 bright diffuse nebulae; 


144 planetaries; 1,131 galaxies; some 1,750 visual double and multiple stars; and 
633 variables bright enough for amateur observing. Sturdily cloth bound, this 367- 
page book is 81% by 1134 inches in size. Explanations in English. 
rr 6 Si yds eben hae we ewan see eens b4a Ree re $9.75 
$8.75 


Atlas Coeli Catalogue 


SPECIAL: Both of these items. 


— OTHER ATLASES — 


FIELD EDITION ATLAS OF THE HEAVENS. Each chart is reduced from the origi- 
nal Atlas Coeli and is printed on heavy, stiff paper 18 by 1214 inches. Stars are 
white on black background. The 16 charts are unbound. Perfect for outdoor use. 

$4.00 each; 2 for $7.50 


NORTON’S STAR ATLAS. This famous star atlas and reference handbook covers 
the whole heavens, showing over 9,000 objects: stars to magnitude 61/3, nebulae, 
and clusters. Descriptive lists of 500 interesting subjects for viewing with small 
telescopes, and useful data for observing the sun, moon, and planets. New 14th 
edition, 1959. 8V2 by 11 inches. 108 pages. $5.25 


POPULAR STAR ATLAS. A simpler version of Norton’s Star Aslas, the 16 bound 
maps show all stars down to magnitude 52. 7/2 by 9¥/2 inches. 38 pages. $2.00 


PHOTOGRAPHIC LUNAR ATLAS. Expertily assembled under the direction of 
Gerard P. Kuiper, this atlas contains 281 of the finest photographs of the moon in 
existence, taken with large telescopes at Mount Wilson, Lick, Pic du Midi, McDonald, 
and Yerkes observatories. The 230 sheets measure 151/2 by 19 inches, gathered loose- 
leaf in a sturdy box, and are thumb-indexed and numbered to permit easy location of 
strips of the moon’s surface. This magnificent atlas is indispensable to every pro- 


fessional and amateur astronomer seriously interested in lunar problems. $30.00 
— BOOKS FOR THE AMATEUR — 
LAROUSSE ENCYCLOPEDIA OF ASTRONOMY. By Lucien Rudaux and G. de 


Vaucouleurs. “’By far the best general survey of its kind for anyone who has grad- 
vated from the ordinary popularizations and wants a taste of the real business of 
astronomy. . . . The lucid and interesting text is supported by a most effective 


and intelligently planned collection of diagrams, photographs, and charts. . . . This 
s an achievement of a high order.” Scientific American. Many full-color rendi- 
tions. Full-page size is 8 by 11% inches. 506 pages, 818 illustrations $12.50 


THE HISTORY OF THE TELESCOPE. By Henry C. King. A complete account of the 


development of the telescope from the crude instruments of the ancients to the giants 
of today. ‘An inspiring story of human progress. . . .“” 7/2 by 10 inches, 456 
pages, 196 illustrations. $7.50 


MAKING YOUR OWN TELESCOPE. By Allyn J. Thompson. Join the tens of 
thousands of amateurs who are using this basic book on telescope making. Complete 
step-by-step directions for making and mounting your own 6-inch reflecting telescope 
at iow cost. In easy-to-understand chapters, you learn how to grind, polish, and 
figure the mirror, and how to make an equatorial mount that will provide a sturdy, 
solid support for your mirror. 211 pages, 104 illustrations (6th printing). $4.00 
SPLENDORS OF THE SKY. A 36-page large picture booklet with short and easy- 
to-understand captions. Among the many full-page illustrations, taken with the giant 
telescopes of Mount Wilson and Palomar Observatories and Lick Observatory, are a 
close-up view of the moon’s surface, and a field of distant galaxies. 36 pages, 66 
illustrations, paper bound Now only 50c 


PHILIPS’ PLANISPHERE 

world-famous star finder, suitable for use within 
10 degrees of latitude 42° north. Beautifully printed in dark blue and gold 
it identifies the principal constellations and stars above t'e observer's 
horizon for any time of the nig it throughout the year. It is set quickly 
by turning the transparent plastic overlay around its central pivot, which is 
at the pole of the star chart on the substantial cardboard base plate. Direc- 

| tions for using the device are given in four languages $3.00 


The latest edition of this 


Write 


for free de scriptive catalogue 


SKY PUBLISHING COR 


All items sent postpaid. 


PORA’ TION, 


AT A GLANCE 


STELLAR FACTS 





COLOR MAP OF THE NORTHERN HEAVENS 


In addition to the positions and apparent magnitudes of celestial objects, this 
beautiful wall chart gives information on the distances, sizes, and spectral types of 
many bright stars. Such important star groupings as Gould’s belt, the Scorpius- 
Centaurus association, the blue stars of Orion, are all indicated by the star symbols, 
colored vividly to show spectral class. The northern sky to —43° is shown on a 
polar projection; stars brighter than magnitude 5.1 included. Printed on an attractive 
sky-blue background, the chart is a huge 30 by 34/2 inches and is mailed unfolded 
in a heavy tube. Now only $1.00 


COLOR CHARTS OF THE MOON 


These two striking color charts of the first-quarter and last-quarter moon were drawn 
by Joseph Klepesta, the well-known Czechoslovakian amateur astronomer and astro- 
nomical publisher. Each lunar half is an impressive 27 inches in diameter; the over- 
all size of a chart, 23 inches wide by 33 inches high. Here are two genuinely useful 
and informative maps for your observatory, library, den, or clubroom. Printed in pre- 
dominantly gold and black on heavy 150-pound paper, the charts reach you unfolded 
in a cardboard tube. $2.00 per set of 2 


ELGER’S MAP OF THE MOON. The moon chart itself is 18 inches high by 17'/2 
inches wide and identifies all tre important lunar features. Below the map are notes 
by H. P. Wilkins on 146 of the more interesting regions. Mailed unfolded. $3.00 


In two colors and over 10 inches in diameter, the map identifies 
including 326 mountains, seas, and craters. 
25c each; 3 or more, 20c each 


LUNAR MAP. 
the most important features on the moon, 
Handy finding list on reverse side. 


— CELESTIAL PHOTOGRAPHS — 


18 pictures of the entire visible face of the moon, made from unsur- 
Each print 8/2 by 
$3.00 per set 


MOON SETS. 
passed Lick Observatory negatives of the first and last quarters. 
1134 inches. Key charts supplied. 


LUNAR CRESCENT SETS. 10 Lick Observatory pictures that form a matching series 
to Moon Sets, but for the waxing crescent 41/2 days after new moon, and the waning 
crescent about five days before new moon. $2.50 per set 


24 pictures of objects in the solar system and in the Milky Way, all 
Each print 8/2 by 1134 inches. 
$4.00 per set 


SKY SETS I. 


celestial wonders of interest and beauty. 


SKY SETS II. 24 pictures of nebulae in our galaxy, portraits of other galaxies, 
many made with the 200-inch telescope, and four diawings of the 200-inch telescope 
by Russell W. Porter. Each print 8/2 by 1134 inches. $4.00 per set 


— OTHER SKY PUBLICATIONS — 


SOUTHERN HEMISPHERE CONSTELLATIONS. By Sir William Peck. 12 star maps for 
latitude 40° south. $2.50 


RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS. By Dr. Philipp Frank. 75c 


HOW TO BUILD A QUARTZ MONOCHROMATOR for Observing Prominences on the Sun. 


By Richard B. Dunn. 50c 
THE STORY OF COSMIC RAYS. By Dr. W. F. G. Swann. 75c 
Please enclose your check or money order. 


. . “4 
Massachusetts ¥ 


Cambridge 38, 
. < es 


Harvard Observ atory.: 
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AL-BIRUNI ON TRANSITS 


E. S. Kennedy, commentator. American 
University of Beirut, Beirut, Lebanon, 
1959. 201 pages. 6.25 Lebanese pounds. 


HE combined impact of three tower- 

ing intellects — Copernicus, Galileo, 
and Kepler — after a millennium that had 
produced no spectacular developments — 
has created a widespread illusion that no 
worth-while astronomy existed before the 
16th century. However, the “Copernican 
revolution” at least implies that an older 
astronomical concept did exist, to be swept 
away by the new heliocentric theory. That 
concept was Ptolemy’s epicyclic system, 
frequently dismissed as a futile approach, 
exposed as hopelessly wrong by the Coper- 
nican theory. 

What a surprise to discover that Coper- 
nicus retained far more epicycles than he 
rejected! In fact, his de Revolutionibus 
could be considered the ultimate in epi- 
cyclic theories. The heliocentric theory 
was remarkably successful in explaining 
the primary irregularity in planetary mo- 
tion, retrogression. It eliminated Ptolemy’s 
largest epicycle, and naturally accounted 
for the previously unexplained fact that 
the middle of a planet’s retrograde mo- 
tion occurs at opposition. Nevertheless, 
in his use of epicycles Copernicus can be 
considered the last of the ancient astron- 
omers rather than the first of the new. 
He was strongly linked to the astronomers 
before him. 

Today the probe into these links, the 
scientific background of the heliocentric 
theory, has become one of the most fas- 
cinating problems in the history of as- 
tronomy. Only a few years ago E. S. 
Kennedy and his student Victor Roberts, 
at the American University of Beirut, un- 


APOGEE 


(f\ EPICYCLE 
a 





PERIGEE 


A diagram to show how Ibn al-Shatir 
explained the moon’s motion by a 
small epicycle revolving on a larger 
first one. The black spots indicate the 
moon’s positions at apogee, perigee, 
and about midway between those 
times. The diagram is not to scale. 
Adapted from “Isis,” December, 1957. 








covered in the work of the 14th-century 
Damascene astronomer, Ibn al-Shatir, a 
lunar theory which, except for trivial dif- 
ferences in parameters, is identical to that 
of Copernicus. This model employs an 
epicycle revolving on another epicycle, a 
notion foreign to pure Ptolemaic theory. 
More recently, Kennedy and _ Roberts 
have found that not only in his lunar 
theory but in his entire planetary theory 
Ibn al-Shatir anticipated Copernicus, the 
only essential difference being that the 
universe of the former was geostatic 
rather than heliostatic. 

The latest publication of the Beirut 
group is the book reviewed here, a minor 
treatise on transits. Written in the 11th 
century by one of the most prolific Bagh- 
dad scholars, Al-Biruni, it has been trans- 
lated by M. Saffouri and A. Ifram. About 
one-third of the new volume is taken up 
by the extensive commentary and analy- 
sis by Dr. Kennedy. The unique extant 
manuscript copy of the original Al-Biruni 
text is in the Oriental Public Library, 
Patna, India. 

Al-Biruni uses the Arabic word mamarr, 
“crossing,” in a more general sense than 
our modern “meridian transit.” His trea- 
tise is a very technical explanation of 
these usages and is, of course, based on 
the epicyclic system. More rewarding than 
the theory itself, according to Dr. Ken- 
nedy, is the collection of by-products: “a 
veritable mine of numerical parameters” 
that can be matched with those in other 
manuscripts in tracing the transmission 
of planetary theory, and quotations from 
older works that have long since disap- 
peared. 

The epicyclic theory, developed by the 
Alexandrian scholar Claudius Ptolemy 
about A.D. 137, was transmitted into medi- 
eval Europe from Arabic sources, as the 
present name of his treatise, the Almagest, 
indicates. The question then arises: What 
new ideas were introduced into planetary 
theory by these Islamic investigators, and 
which of their innovations were available 
to Copernicus? 

The principal development of Islamic 
astronomy spanned five centuries, from 
about 770, when the Sindhind, a treatise 
on Hindu astronomical theory, was trans- 
lated from Sanskrit into Arabic at Bagh- 
dad, to 1252, when the Alphonsine tables 
were prepared in Spain. Still later, about 
1450, Ulugh Beg organized his famous 
observatory at Samarkand. 

Islamic astronomy can be roughly di- 
vided into three periods. The first, under 
the Baghdad caliphate, reached its peak in 
the 10th century. Several illustrious names 
are associated with this era. Thabit ibn 
Qurra translated the classics of Apol- 
lonius, Archimedes, Euclid, and Ptolemy, 
and his work was utilized by Copernicus. 
Al Battani (Albategnius) introduced the 
sine, tangent, and cotangent into trigo- 


7——Star Atlases and Books on Astronomy 

New: PHOTOGRAPHIC LUNAR ATLAS, 
edited by G. Kuiper . $30.00 
New: THE EXPLORATION OF SPACE 


edited by R. Jas $5.50 
New: THE STR ANGE WORLD OF 
THE MOON, by V. A. Firsof .......... $5.50 


THE OTHER SIDE OF THE MOON . $2.50 
300” MOON MAP, by H. P. Wilkins ....$6.00 
LAROUSSE ENCYCLOPEDIA 


OF ASTRONOMY ........... $12.50 
AMATEUR ASTRONOMER’S 
HANDBOOK, by J. B. Sidgwick ....$12.75 


OBSERVATIONAL ASTRONOMY FOR 

AMATEURS, by J. B. Sidgwick ....$10.75 
THE PLANET VENUS, by P. Moore ..$3.95 
THE PLANET JUPITER, by B. Peek $8.95 
AMATEUR TELESCOPE MAKING 

Book 1, $5.00; Book 2, $6.00; Book 3, py 00 
Norton’s STAR ATLAS ........... ; $5.25 
Beyer-Graff STAR ATLAS . $15. 00 
Pocketbooks and paperbacks on astronomy - 
write for listing. Books on telescope making 
and optical glassworking. 


HERBERT A. LUFT 


69-11 229th St., Oakland Gardens 64, N. Y. 











Riciusiien Films 


16-mm. sound, 400-foot reels 


I THE SUN; II THE MOON; 
III SOLAR SYSTEM; IV MILKY WAY; 
V EXTERIOR GALAXIES. 


2x2 SLIDES 
35-mm. STRIPS OF SLIDES 


THROUGH 200-INCH AND 
OTHER GREAT TELESCOPES 
Catalogues on request. 
International 
Screen Organization 
1445 18th Ave. North, St. Petersburg 4, Fla. 
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Optical Systems 





Prototypes or production runs 
in Cassegrain or catadioptric 
forms — short and long focus 
— have been satisfactorily 
supplied. If you have a prob- 
lem, we will be pleased to 


discuss it. 
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nometry, and contributed to the theory 
of precession. One of the greatest Arabic 
observers, Al Sufi, tabulated stellar mag- 
nitudes, and in his star catalogue was the 
nebula. 


distinguished 


first to record the Andromeda 
\bu-al-Wafa 
commentary on 

In the I1th 
nomical studies flourished in Cairo under 
the Fatimids. Another great observer, Ibn 
Yunis, worked there, as well as Alhazen, 
whose study of optics influenced Kepler. 
The third group of Islamic astrongmers 
constituted the 12th- 13th-century 
Spanish school. Al Zarqali (Arzachel) 
prepared the Toledan tables, predecessors 


prepared a 
Ptolemy. 


and 12th centuries, astro- 


and 





of the Alphonsine tables sponsored by 
Alphonso X of Castile. Also in the Span- 
ish school were two critics of the epicyclic 
theory, Jabir ibn Aflah (Geber) and Al 
Bitruji (Alpetragius). Neither, however, 
was able to propose a satisfactory substi- 
tute, and their criticisms might be con- 
sidered as much philosophic as astronomi- 
cal. A work of Geber’s was among the 
dozen volumes that constituted Coper- 
nicus’ library. 

From a general survey we might con- 
clude that although Islamic astronomers 
contributed observations and developed 
trigonometry (an important advance), vir- 
tually no changes were made in the Ptole- 
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Spitz Laboratories 
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, sm erican See tvonomers 


and their guests 
at the 106th meeting 
of the American Astronomical Society 
in Mexico City, August 22-25, 1960 
Representatives of Astro-Dome, Inc., will be at registration headquarters, 


AMBASSADOR HOTEL, 38 HUMBOLDT, MEXICO CITY, 


and will be pleased to discuss with you any of your Astro-Observatory problems. 


Contact the registration desk for the room number. 
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maic planetary theory itself. A firm con- 
clusion is difficult to establish, however, 
in view of the vast store of Islamic astro- 
nomical manuscripts yet untouched by 
modern scholars. 

As shown by the work of Dr. Kennedy 
and his associates, the treasure house of 
medieval astronomical documents is now 
being explored, and the background to 
the scientific advances of the Renaissance 
is becoming known in richer detail. But 
the general reader will probably find this 
book far too specialized to hold his in- 
terest. In the absence of any recent syn- 
thesis of Islamic astronomy, one could 
examine J. L. E. Dreyer’s A History of 
Astronomy from Thales to Kepler (re- 
cently reprinted in a paper-bound edition). 

Those who wish to purchase Al-Biruni 
on Transits may order it at $2.00 per copy 
from Khayat’s Bookstore, 23-24 Rue Bliss, 
Beirut, Lebanon. 

OWEN GINGERICH 
Harvard Observatory 


PROPERTIES OF DOUBLE STARS 
Leendert Binnendijk. University of Penn- 
sylvania Press, Philadelphia, 1960. 349 
pages. $12.50. 

BSERVATIONS of binary stars have 

yielded vital astrophysical informa- 
tion about stars in general, often provid- 
ing data that are difficult or impossible to 
obtain in any other way. To double stars 
we owe especially our knowledge of stellar 
masses and densities, and they have 
helped tremendously in studies of star 
distances, luminosities, temperatures, sizes, 
atmospheres, and interiors. 

Both the observations and their analysis 
and interpretation are important, and the 
student proficient in this subject has 
necessarily learned a great deal of general 
astronomy. Astrometry, spectroscopy, pho- 
tometry, the reduction of observations, 
numerical analysis, are all involved. Per- 
haps more important, such a student has 
become acquainted with stars that have 
made astronomical history; for example, 
the white dwarf companion of Sirius and 
the sextuple system of Castor. 

A course in binary stars is therefore 
peculiarly profitable for a senior or be- 
ginning graduate student in astronomy, 
provided it covers more than binary star 
orbit theory. I plan to use this book as 
the primary reference in a binary star 
course this fall at Indiana University. 
Leendert Binnendijk’s work is especially 
suitable, because his treatment goes so 
far beyond the mere discussion of various 
methods of orbit determination. 

The chapters on visual double stars, 
spectroscopic binaries, and eclipsing vari- 
ables are preceded, respectively, by long 
chapters on astrometry, spectroscopy, and 
photometry. But the author has included 
much other material. For instance, he 
treats parallaxes of all kinds: trigono- 
metric, secular, dynamical, spectroscopic, 
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ENGINEERED FOR THE LAST WORD IN BREATHTAKING PERFORMANCE .. . PRICED 
FOR FIRST CHOICE IN VALUE . . . FULLY EQUIPPED WITH MANY EXTRA FEATURES! 


You'll Marvel At How Including . . @ ELECTRIC DRIVE (Patented) 
The Superb Optics Of # @ SETTING CIRCLES @ ROTATING TUBE 


This Portable RV-6 : A Complete Instrument, No Costly Accessories Needed! 
> Model RV-6 Complete 
with Dyn-O-Matic Electric Drive 


6-inch | >» and All Features Described Below 
DYNASCOPE: 194" 


Gives The Same Exquisite Definition % Pee ee ge ee 
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As Far More Expensive Instruments! Shipping Wt. 55 lbs. 


; ss ‘ ’ : E Ch Collect 
This new addition to the Dynascope line has won immediate recog- a ix Paskien: oF. Crating 
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nition from schools, colleges, and professionals, as an outstanding . >. Charges 
achievement in a 6-inch telescope. Although it was only recently in- > 
troduced, our files are already filled with complimentary letters from ~~ 


excited amateurs and professionals all over the country. Each one is 7 
truly amazed at the superior optical performance of this new RV-6 
6-inch Dynascope! Here is large aperture in a quality instrument at 
a price that compares with many 4-inch telescopes. And this low cost 
includes such exclusive extra features as electric drive (patented), setting 
circles, and rotating tube! There are no “extras” to run up your cost! 

The superb optical system resolves difficult objects with definition 
that is absolutely breathtaking. The close tolerance of the precision 
construction assures an accuracy and smoothness of operation once 
associated only with the finest custom models. The heavy-duty mount, 
complete with electric drive, provides the stability so essential for sat- 
isfactory viewing, yet there is easy portability because in a matter of 
minutes the entire telescope can be dismantled into three easy-to-handle 
sections. 

Only Criterion’s engineering ingenuity, coupled with volume pro- 
duction and modern manufacturing methods, makes this handsome 
6-inch model available at such reasonable cost. You can order it 
with complete confidence that it will live up to your expectations in 
every way, for this assurance is guaranteed under our full-refund war- ; 
ranty. Send your check or money order today. Or use our liberal . 
time-payment plan and take months to pay. ; 4 
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SUPERIOR FEATURES (Except on Another Dynascope) 


1. EXQUISITE OPTICAL SYSTEM INCLUDES F/8 6-INCH PARABOLIC PYREX 
MIRROR accurate to better than 1g wave, zircon-quartz coated, and guaran- 
teed to reach all theoretical limits of resolution and definition. Teamed 
with elliptical diagonal, mounted in 4-vane adjustable spider. 
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of owning this magnificent in- 
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charge in your choice of 6, 12, 
or even 24 monthly payments. 
Same unconditional guarantee 
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money order with coupon below. 
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2. NEW DYN-O-MATIC ELECTRIC DRIVE with smooth self-acting clutch that 
engages and disengages automatically as you seek different objects. 
not interfere when manual operation is desired. 


trim aluminum case. 


3. CHOICE OF ANY 3 EYEPIECES from the following: 65X-18-mm. Achro- 
matic Ramsden; 100X-12.7-mm. Achromatic Ramsden; 
matic Ramsden; 220X-6-mm. Orthoscopic; 320X-4-mm. Orthoscopic. 
precision-threaded, give sharp images to extreme edges. 


4. SOLID, NEW, EQUATORIAL MOUNT extra-reinforced design to provide 
No annoying side play or wobble. 


pillarlike stability. 
any latitude. 


5. SETTING CIRCLES 


engraved and finished in fine aluminum. 


Will 
Entire drive housed in 
Plugs into ordinary household socket. 


150X-9-mm. Achro- 
All are 


“‘T never dreamed such a bril- 
liant, clear image could be 
had with a telescope costing 
under $200. It is one of these 
rare bargains that you find 
only once or twice in a life- 
time.’” 


Adjusts easily to 


for both right ascension and declination. Handsomely 


B.S. — New Jersey 


6. 6 x 30 FINDERSCOPE, ACHROMATIC, COATED, with accurate crosshairs 


and fine focus. 


with or without tube. 


8. STRIKINGLY HANDSOME, WHITE, 50’ BAKELITE TUBE with porcelainized 
Duralite finish, durable yet light. Walls are 1’ thick, completely insulated 
and anti-reflective blackened inside. 


9. BRASS RACK-AND-PINION EYEPIECE HOLDER has precision-cut rack and 
gear for easier, smoother, more positive focusing. 
oculars, negative or positive. 


10. STRONG, VIBRATION-FREE, ALL-METAL TRIPOD with easily removable 
Provides sure, steady support, plus lightweight portability. 


legs. 


CRITERION MANUFACTURING CO. 
331 Church St., Hartford 1, Conn. 


Manufacturers of Quality Optical Instruments 





Durable cast-aluminum bracket with 6 adjusting screws 
allows positive collimation. 


7. ROTATING TUBE FOR MAXIMUM VERSATILITY AND VIEWING COMFORT. 
Solid-cast, chrome finish, rings are generous 1 wide with felt lining. 
Newly designed construction, 
affords maximum rigidity and allows for quick disassembly and portability, 


with over-sized knurled adjusting knobs, 


Takes standard 114” 





Sound too good to be true? 
Then read what these delighted 
DYNASCOPE owners have to say: 


““A friend of mine has a 6- 
inch telescope without electric 
drive, for which he paid over 
$300. He agrees that my 
new DYNASCOPE not only 
outperforms it, but is a much 
better-looking and better-built 
instrument.’’ J.L — New York 


Criterion Manufacturing Co. 
Dept. STR-13, 331 Church St., Hartford 1, Conn. 


(] Please send me, under your unconditional guarantee, the RV-6 6” Dyna- 
scope. Full payment of $194.95 is enclosed. 


(] | prefer your easy terms! Enclosed $74.95 as down payment with under- 
standing that | will pay balance (plus small carrying charge) over 6__, 
12__, 24__. months (check choice). 


(1 Send FREE ILLUSTRATED LITERATURE describing the RV-6 6” Dynascope 
and all the telescopes in the Dynascope line. 


“Congratulations on the ex- 
cellence of your workmanship. 
The optics are truly amazing. 
I never expected such won- 
derful performance.”’ 

L.H.N. — Massachusetts 
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Now in smaller sizes 


MEW, AERO PLASTIC 
* 


RELIEF MAPS 
16 x 28 inches 

UNITED STATES S 

THE WORLD each 9.95 
These maps are an excellent visual aid in the 
teaching and study of earth sciences, as well 
as a handsome addition to home or office. 
Vertical exaggeration and color emphasize re- 
lief features. The maps are molded of tough, 
sturdy Vinylite and are self-framed with brass 
grommets for easy hanging. They can be 
cleaned in a minute with a damp cloth. These 
are the maps selected by the U.S. Weather 
Bureau for display in airport weather stations. 
(The U.S. map has insets showing Alaska and 
Hawaii.) 

Also Standard-Size Aero Plastic 
Relief Maps. 


Write for complete catalogue. 


SCIENCE 
Instruments/Weather *@ 
194 Nassau St., P. O. Box 216, Princeton, N. J. 





Astronomy Teaching Aids 
ES SCO Publications 


Teachers of astronomy, both amateur and 
professional, will find the following ESSCO 
study materials useful in their classrooms. The 
test charts are challenging fun for the ama- 
teur astronomer, too! 


scl Equatorial constellation chart — 
with star designations 
SC1T Test equatorial chart — without 


star or constellation names 
$c2 Circumpolar constellation chart — 
with star designations (new large 
size) 
Test circumpolar chart without 
star or constellation names (new 
large size) 


Sc2T 


$508A Ecliptic-based star map — with 
equatorial grid and names 

$508 Ecliptic-based star map — _ with 
equatorial grid, without names 

$508B Ecliptic star map list —- positions 
and magnitudes for 224 stars 

$505 Nine-inch protractor on paper —- 
for planet orbit drawings 

$511 jnner planet chart — orbits of 
Mercury, Venus, Earth, Mars 

$512 Outer planet chart — orbits of 


Mercury to Saturn 
$501A Special rectangular co-ordinate pa- 
per — for star maps 
Polar co-ordinate paper 
cumpolar star maps 
Price for each item listed above: | to 9 sheets, 
10 cents each; 10 to 24 sheets, 8 cents each; 
25 to 99 sheets, 6 cents each; 100 or more, 
5 cents each. 


$502 for cir- 


From Stetson’s Manual of Laboratory Astrono- 
my, the chapter ‘’Star Chart Construction” is 
available as a separate booklet, at 50 cents per 
copy. 

SPECIAL: DCS — Large wall chart of the Draper 


spectral classes, printed in four colors and 
mounted on canvas. Limited quantity. (Slightly 
damaged along edges.) 14.00 each 


SKY PUBLISHING CORPORATION 


Cambridge 38, Massachusetts 
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and cluster. He covers the method of 
dependences for the reduction of photo- 
graphic star positions. The mass-lumi- 
nosity law and the Cepheid  period- 
luminosity law are both discussed, as are 
the H-R diagram and even galactic rota- 
tion. ‘Thus, the book’s title might be 
considered to be somewhat misleading, 
and the subtitle equally so, for it reads: 
“A Survey of Parallaxes and Orbits.” 

The book is based on lectures given by 
the author in a year’s advanced class 
for students who had a descriptive course 
in astronomy and who had the necessary 
basic knowledge in physics and mathe- 
matics. In my opinion it is very readable, 
easily understood by the above-average 
senior student, yet as technical as is neces- 
sary for the material it covers. 

There is a lengthy but well-selected 
bibliography at the end of each chapter. 
However, some definitions are not rigor- 
ously given and more careful editing of 
the sentence structure would be desirable. 

In comparison with the famous work of 
three decades ago, The Binary Stars, by 
Robert G. Aitken, Binnendijk’s book is 
much stronger in astrometric binaries, 
long-focus photographic astrometry, pho- 
tometry, and eclipsing binary theory. But 
Aitken’s volume provides useful supple- 
mentary reading, as do three appropriate 
chapters in both J. A. Hynek’s Astro- 
physics (1951) and Vol. 50 of the Hand- 
buch der Physik (1958). 

For a course of the kind I have in 
mind, a number of topics should be 
added to the Binnendijk treatment. These 
include the two-body problem, numerical 
solutions of actual orbits, least-squares 
theory with numerical applications, E. 
King’s standard velocity curves, and the 
method of O. C. Wilson for double-line 
binaries, using for many topics actual case 
histories. I would carry through the dis- 
cussions for such interesting specimens as 
Epsilon and Zeta Aurigae, Sirius, Algol, 
Castor, Beta Lyrae, Alpha Centauri, Nova 
DQ Herculis, Procyon, and Lalande 21185. 

There is one statement in this book 
to which I must take strong exception, on 
page 47: “This catalogue [the Yale cata- 
logue of parallaxes] is very important 
because all other distant measurements 
are indirect and have to be calibrated 
with the trigonometric parallaxes. Thus 
the trigonometric parallaxes form the 
basis of all distances measured in the 
universe.” 

But consider the Hyades cluster, whose 
distance is well determined from the con- 
vergence of its members’ proper motions 
and their radial velocities, or the Crab 
nebula, which has a shell expanding at 
a known rate (from spectroscopic meas- 
ures) so its angular rate of expansion is 
an indicator of distance. We have no 
good trigonometric parallax of a Cepheid 
variable, yet the zero point of the period- 
luminosity law has been found statistically 
from the components of proper motions 
of nearby Cepheids. Then these yard- 
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SKY-GAZERS EXCHANGE 


Classified advertising costs 30 cents a word, including 
address; minimum charge, $4.00 per ad. Only one 
for sale ad per issue for each advertiser. Remittance 
must accompany order. Insertion is guaranteed only 
on copy received by the 20th of the second month 
before publication; otherwise, insertion will be made 
in next issue. We cannot acknowledge classified ad 
Sky Publishing Corporation assumes no re- 


| sponsibility for statements made in classified ads, nor 





for the quality of merchandise advertised. Write Ad 
Dept., Sky and Telescope, Harvard Observatory, 
Cambridge 38, Mass. 


FOR SALE: a” ‘Unitron “altazimuth tefractor. Excel- 
lent condition. $200.00. John Breese, 184 Wallace 
Ave., Buffalo 16, N. Y. 


FOR SALE: Used Spitz Model A-2 planetarium with 
many extras. In good condition. Operated only 60 
hours since new in 1957. Asking $3,100.00. St. 
John Terrell, Lambertville, N. J. 


| MOUNTED first-quality 6” telescope objectives, 


$350.00 and $450.00. Twenty-four years of experi- 
ence. Earl Witherspoon, Sumter, S. C. 





WANTED: Good mirror at reasonable price. Write 
Milton Fiske, Rochester, Vt. 

SOUTHWESTERN OBSERVERS: Finest _ refractor 
telescopes supplied in 2.4”, 3”, and 4” altazimuth 
and equatorial models. Details supplied on request. 
Melton Industries, 1901 Levee St., Dallas 7, Tex. 
Phone: RI 8-4769. 


FOR SALE: 90x or 180x collimated twin Balscope. 
Matched Barlows, two sets of eyepieces, like new, 
in case. Cost $480.00. Make offer. Dr. H. A. 
Staunton, 124 S. 34th St., South Bend, Ind. 





| ALUMINUM TUBING: 18 sizes, 1” through 10”, 


Pesco-A, Box 363, Ann Arbor, Mich. 

4” EQUATORIAL refractor, £/15, Criterion lens, less 
oculars and legs, $85.00. C. W. Ellis, 8 Oakwood 
Lane, Plandome, N. Y. 


8” OPTICS: Matched Cassegrainian, $200.00; New- 
tonian, $60.00. Any focus, 4% wave. S. Rappa- 
port, 4649 N. 10th St., Philadelphia 40, Pa. 

EQUATORIAL MOUNTS, with slow motions on both 
axes, from $85.00. Mirrors, new, refigured, any 
focal ratio. Heavy-duty tripods. Aluminum cast- 
ings. J. McQuaid, 2003 High St., Logansport, Ind. 


| 164-PAGE photographic bargain catalogue, listing 


thousands of photographic bargains. Send 25¢ for 
your copy, credited on first order. Dept. 26-C8, 
a Camera Co., 230 S. Wabash Ave., Chicago 





8” TRECKERSCOPE, clock drive, flexline, complete 
with 4 oculars, Goodwin Barlow, glass filters. Sac- 
rifice, $350.00. Frank J. Suler, 508 Morton, Rich- 
mond, Tex. 

SCHMIDTS, Cassegrainians, and so forth, made to 
satisfy your requirements. Worlds, Box 366, Farm- 
ington, Conn. 





FOR SALE: Reflector telescopes ay 8” Cave £/6, 
$150.00; 6”, $80.00; 3”, $18.00. Don Weisbrod, 
4315 Hermosa Way, San Diego 3, Calif. 





CONSIDERING astronomy as a career? Vocational 
and Professional Monographs: Astronomy, by Dr. 
Freeman D. Miller, describes personal qualifications, 
scholastic training, and job opportunities. $1.00 
postpaid. Send to Box B, Sky and Telescope, 49 
Bay State Rd., Cambridge 38, Mass. 





DOUBLE your eyepiece powers with our Barlow lens. 
1.250” diam., $5.95; 0.946”, $4.95. Vernonscope and 
Co., Candor, N. Y. 


TRADE Goto 2.4” equatorial refractor, accessories, 
like new, for 2,000 Indian-head pennies or what 
have you? Robert Williams, 144 Old Clairton Rd., 
Pittsburgh 36, Pa. 


EQUATORIAL MOUNTS: Seven ‘models, finished or 
semifinished. M. Stell, 600 E. Sth, Coleman, Tex. 


BEGINNER wants telescope. Has Soligar SLR66 
camera. Let's trade. George Wentz, P. O. Box 26, 
San Marcos, Tex. 

BARGAIN: Brand-new 2.4” altazimuth refractors, with 
three eyepieces, rack and pinion, tripod, and so 
forth, $32.50 each. Mead Enterprises, 12 Talcott 
St., Owego, N. Y. 








WANTED: Planetarium director. Take charge of 
new planetarium in city of St. Louis. Salary 
$621.00 per month to start. College degree in 
physical science required. Department of Person- 
nel, 235 Municipal Courts Bldg., St. Louis 3, Mo. 





FOR SALE: 3-bedroom house in Anaheim, California. 
Buyer will have privilege of using private observa- 
tory with 16” Cassegrainian reflector. Biela Ob- 
servatory, 325 Berry Ave., Anaheim, Calif. 
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sticks of the universe are used directly 

or indirectly for all really large (intra- 

galactic and intergalactic) distance esti- 

mates. This is a not insignificant number 

of instances where distances are de- 

termined independently of trigonometric 
parallax determinations. 

JOHN B. IRWIN 

Goethe Link Observatory 

Indiana University 


NEW BOOKS RECEIVED 
PuHysics AND MEDICINE OF THE ATMOs- 
PHERE AND SPACE, Otis O. Benson, Jr., and 
Hubertus Strughold, editors, 1960, Wiley. 
645 pages. $12.50. 

Forty-two papers are published from a 
symposium on November 10-12, 1958, at 
San Antonio, Texas. The chapters of pri- 
marily astronomical interest are: 3, meteoritic 
material in space (F. L. Whipple) ; 37, solar 
physics (W. O. Roberts) ; 38, the moon and 
planets (G. P. Kuiper) ; and 39, Mars (G. de 


Vaucouleurs). 


Man Hicu, David G. Simons and Don A. 
Schanche, 1960, Doubleday. 262 pages. 
$4.50. 

This is Lt. Col. David G. Simons’ personal 
account, written in collaboration with a Life 
reporter, of his balloon ascent in August, 
1957, to a height of 102,000 feet. The 
highly dramatized narrative is intended for 
the general reader. 


PuysicaAL Geocrapuy, Arthur N. Strahler, 
1960, Wiley. 534 pages. $7.50. 

Now in its second edition, this well- 
illustrated college textbook describes the 

















various kinds of structural features of the 
earth’s surface, and explains their origin and SUMMER SPECIALS 
evolution. Cartography, weather, and tides | 
are among other topics discussed. There is | —- om on me — 84” cletes, If you 
: . =1 40 : | aven’t this new luminous set, don’t delay. 
an extensive bibliography. Guia aoe: 5.25 
THE UNIverRSE OF Licut, Sir William Bragg, | || SOLARSCOPES — This is still a favorite. Ro- 
1959, Dover. 283 pages. $1.85, paper bound. | Pe poncengrensm ase oe $2.25 
This is a reprint of a book based on Sir Man s 
W illiam Brage’s Royal Institution lectures | HAWAIIAN ALMANAC — Early Polynesian lore. 
in 1931, explaining in popular language 50c 
the nature of vision and the properties of | || HAWAIIAN WORDS AND PHRASES. 25¢ 
radiation. | STAR GAMES — Fun for all. $1.00 
| LUMINOUS DECALS — For your bedroom or 
RADIATIVE TRANSFER, S. Chandrasekhar, | rumpus-room ceiling. $2.45 
1960, Dover. 393 pages. $2.25, paper bound. | LUNAR MAP — Over 325 craters, seas, and 
Originally published by the Oxford Uni- senate Soaetenes _ 
versity Press in 1950, this important tech- a a or _ 
~ z as 7 a 2 MOON MAP — By Rand-McNally. This is in 
nical treatise on the behavior of radiation five colors. Now only 50¢ 
in stellar and planetary atmospheres is now CONSTELLATION POST CARDS — 30 different 
available in reprint form. cards. $1.00 
PLANET PLACERS. 50c 
Diz ENTSTEHUNG VON STERNEN, G. R. Bur- A few refined PLANET PLACERS are left. $2.95 
bidge, F. D. Kahn, R. Ebert, S. von Hoerner, JUNIOR STAR FINDER. 50c 
and S. Temesvary, 1960, Springer-Verlag, SOLAR SYSTEM DATA. Limited quantity  35¢ 
Heidelberger Platz 3, Berlin-Wilmersdorf, KNOW YOUR STARS. While these booklets i 
ic 
West Germany. 330 pages. DM 38. CHART SETS — Three different sets available. 
The formation of stars by condensation 25 charts, 815” x 11”, in a set. Over 1,000 
from interstellar matter is the subject of of these have been sold to date. 
three prize-winning essays in this volume SE.EP Ew a0; SEES fe 5 sth SESE RN 2 
‘ ; : a z STELLASCOPE and STELLA-NAVIGATOR —- Two 
which together summarize present knowledge | excellent star finders. Regular price, $1.50 
of the origin of stars and star groups. The | each. For a limited time only, each 75¢ 
contributions by Drs. Burbidge and Kahn | We rg me slide sets this ne ai ta if 
mea 7 ‘ 4 possible, we hope to put out a line of 35-mm. 
are in English, while the one by the other color slides. Several new editions of the Har- 
three astronomers is in German. vard Books on Astronomy are in process, which 
we will have as soon as they are available. 
AEROSPACE Dictionary, Frank Gaynor, Write j dei aiiiatine 
. . . 7 o ue ei ue. 
1960, Philosophical Library. 260 pages. $6.00. | eee ts 
Brief, elementary definitions are given for | ASTRONOMY CHARTED 
about 1,500 terms used in space exploration. | || 33 Winfield St., Worcester 10, Mass., U.S.A. 
The coverage of astronomical terminology Phone: PL 5-6992 
is slight. 
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featuring our 


SPACE K-4 
DELUXE 


WANTED 
Professional and Amateur Astronomers 


Put your ideas and experience to 
work. Extensive expansion program by 
Spacek Instrument Co. 
requires individuals with 
a knowledge of tele- 
scopes, optics, and as- 
tronomy. 

Proven design, low 
cost, and excellent per- 
formance of our SPACE 
K-SERIES telescopes 
have met with the ap- 
proval of many schools, 
observatories, and clubs. 

Here is an excellent opportunity for 
responsible persons, who are interested 
in supplementing their incomes, to dem- 
onstrate and sell our telescopes. 

Write for complete information about 
our Individual Dealer Plan. 




















TELESCOPES 


by SPACEK INSTRUMENT CO. 


COMPLETELY ASSEMBLED — READY TO USE 


Optical system: 414-inch mirror, f/l1l, spherically corrected with surface 

accurate to 1/g wave, aluminized and quartz over-coated. 

Mounting: Equatorial and adjustable for latitude. Massive aluminum 

castings with l-inch-diameter shafting on both axes and Tensalloy bear- 

ings. Clamps provide any degree of tension desired. Two lock-nuts on 

saddle permit simple removal of tube. All steel parts chrome plated and 

carefully machined to give maximum rigidity. 

e Tube: Seamless aluminum, painted black inside, with hammer-tone green 

finish. 

Rack-and-pinion focusing: Accommodates standard 1!4-inch eyepieces. 

Finder: 6 power, with achromatic objective, and mounted in adjustable 

bracket. 

e Pedestal: Heavy-wall steel tube with collapsible legs. Guaranteed free from 

torque and wobble. Design allows tube to be swung in any position without 

bumping into legs. Pedestal, mount, and legs painted black crinkle finish. 
e Three eyepieces: 50x Kellner, 100x and 200x Ramsdens. 


$ 50 e Instructions. 
e Send for new 16-page catalogue. 


OUR NEW K-4 DELUXE KIT! 


Assemble the K-4 Deluxe yourself and save almost $20.00. Shipped with all optics mounted and 

collimated, with interior of aluminum tube painted black. All parts carefully machined and ready for 

assembly. No special tools required. Three complete eyepieces included. Same fine quality as in our 

regular K-4 Deluxe illustrated above. Complete with all hardware and full instructions. 79 50 
s 





All prices are f.o.b. Pottstown, Pa. 
Pennsylvania residents add 4% sales tax to all prices. 








All prices subject to change. 
DEALER INQUIRIES INVITED 





1130 Sembling Ave. 


$ PAC E K I N $ T R U M E N T C 0 ° Ae me Faculty 3-2825 
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3-inch 
Astronomical 
Reflector 


60 to 180 Power 
An Unusual Buy! 





ready to use! See Saturn's rings, the 
planet Mars, huge craters on the moon, star clusters, 
moons of Jupiter, double stars, nebulae, and galaxies! 
Equatorial-type mounting with locks on both axes. 
Aluminized and over-coated 3”-diameter f/10 primary 
mirror, ventilated cell. Telescope comes equipped with 
1 60x eyepiece and a mounted Barlow lens, giving you 
60 to 180 power. A finder telescope, always so essen 
tial, included. Sturdy, hardwood, portable trip§d. 
FREE with Scope: Valuable STAR 

CHART plus 272-page ‘““HANDBOOK 

OF THE HEAVENS” plus the book 

“HOW TO USE YOUR TELESCOPE.” 


RN IY cccsscsncsccccvsscesshocssesscosesns $29.95 ppd. 


Assembled 


OFFSPRING OF SCIENCE . . . REALLY BEAUTIFUL! 
CIRCULAR DIFFRACTION- 
GRATING JEWELRY 


A Dazzling Rainbow of Color! 


Shimmering rainbows of gemlike 
color in i of exquisite beauty 

made with CIRCULAR  DIF- 
FRACTION-GRATING REPLICA. 


Just as a prism breaks up light into its full range 





of individual colors, so does the diffraction grating. 
Promises to become a rage in current fashion. 

Stock #30,349-Y..Earrings ..... a cena $2.75 ppd. 
Stock 230,350-Y. .Cuff Links...........+.- $2.75 ppd. 
Stock 730,372-Y. .Pendant .............++- $2.75 ppd. 
RE PT Oe). 2 DINE. 5 00.005 .00000 000-0008 $2.75 ppd. 
Stock 730,390-Y..Tie Clasp.............-- $2.75 ppd. 


STANDARD 4-mm. ORTHOSCOPIC EYEPIECE 


These are best for extremely high 
magnification (300 power with a 
{8”-f.1. objective). You get a 
wide, flat field almost 3 times 
as much field as a Ramsden of 
the same power excellent color 
correction and definition. Preci- 
sion made of brass, chrome plated and black enameled. 
Inside is dead-black anodized with anti-glare shield. 


Spek SAD SEEY,. ...02ccasscasueve “Only $14.50 ppd. 





WAR-SURPLUS 
TELESCOPE 
EYEPIECE 


Mounted Kellner eyepiece, type 3. 
Iwo achromats, focal length 28 
mm., eve relief 22 mm. An ex 
tension added, O.D. 114”, stand 
ard for most types of telescopes. 
Gov't. cost $26.50. 

Stock ##5223-Y........ $7.95 ppd. | 





Rack & Pinion Eyepiece Mounts 


Real rack-and-pinion focusing 
with variable tension adjust 
ment; tube accommodates stand- 
ard 144” eyepieces and acces- 
sory equipment; lightweight 
aluminum body casting (not 
cast iron); focusing tube and 
rack of chrome-plated brass; 
body finished in black wrinkle 
paint. No. 50,077-Y is for re- 
flecting telescopes, has focus 
travel of over 2”, and is made 
to fit any diameter or type tub 
ing by attaching through small 
holes in the base. Nos. 





50,103-Y and 50,108-Y are for 
refractors and have focus travel 
of over 4”. vill fit our 27%” 
I.D. and our 3%” I.D. alumi 
num tubes, respectively. 
For Reflectors 
Stock 750,077-Y. (less diagonal holder)....$8.50 ppd. 
Stock 760,049-Y..(diagonal holder only).... 1.00 ppd. 
For Refractors 
Stock #50,103-Y. .(for 2%’ |.D. tubing)....12.95 ppd. 
Stock #50,108-Y. .(for 37%’ |.D. tubing)....13.95 ppd. 








NEW BINOCULAR-TO-CAMERA HOLDER 
For Exciting Telephoto Shots 
Will fit any camera. 


Bring distant objects 7 
times nearer with a 35-mm. 
camera, 7 x 50 binocular, 
and our NEW BINOCU- 
LAR-TO-CAMERA HOLD- 
ER. Ideal for photograph- 
ing the constellations, star 
clusters, the moon, as well 
as cloud formations, wild- 
life, vistas. Camera and binocular attach easily. 
Use any binocular or monocular — any camera, still 
or movie. Take color or black-and-white. Attractive 
gray crinkle and bright chrome finish, 10” long. Full 
directions for making telephotos included. 


RN Se ooh 5 a eawieeece wena $11.50 ppd. 


Take Pictures Through 
Your Telescope with the EDMUND 
CAMERA HOLDER for TELESCOPES 


Bracket attaches perma- 
nently to your reflecting 
or refracting telescope. 
Removable rod with ad- 
justable bracket holds 
your camera over scope’s 
eyepiece and you're ready 
to take exciting pictures 
of the moon. You can 
also take terrestrial tele- 
photo shots of distant 
objects. Opens up new 
fields of picture taking! 


SUN PROJECTION 
SCREEN INCLUDED 
White metal screen is easily at- 
tached to holder and placed be- 
hind eyepiece. Point scope at 
sun, move screen to focus .. . 
and you can see sunspots! 


All for the low, 
Includes brackets, 2834” rod, 





low price of $9.95 
projection screen, screws, 


and directions. Aluminem . . . brackets black crinkle 
painted. 
|S ee es $9.95 ppd. 


PRISM STAR DIAGONAL 


For comfortable viewing of 
the stars near the zenith 
or high overhead with re- 
fracting telescopes using 
standard size (14%4” O.D.) 
eyepieces, or you can make 
an adapter for substandard 
refractors. Contains an excel- 
lent high-quality aluminized 
right-angle prism. The tubes 
are satin chrome-plated brass. 
Body is black wrinkle cast 
aluminum. Optical path of © 
the system is about 314” 


BIBER SIT ONINN: seek caccsccncaeecsse eee $12.00 ppd. 


AMICI-PRISM STAR DIAGONAL 


Same as above except contains Amici roof prism in- 
stead of usual right-angle prism. Thus your image 
is correct as to top-bottom, making it excellent for 
terrestrial viewing. 


Ce 1 ae ais Sonera - $12.00 ppd. 


ASTRO-COMPASS 
AND TRANSIT 


War-surplus! Astro-Compass alone 
cost gov't. $75. We have added a 
sighting level to improve versatility. 
Hundreds of uses in carpentry, brick 
laying, foundation work, grading, 
irrigation or drainage. Much below 
ordinary surveying instru- 
Ideal for do-it-yourselfers. 
1014” high, 6” long, 4” wide. Ad- 
justable leveling platform 2 spirit 


cost of 





levels for aligning — also spirit 
level in sighting attachment. A tre- 
mendous bargain. 

RO GIN on oor 5 ibe sce esioee $19.95 ppd. 











NOW! LENS ERECTOR FOR TERRESTRIAL 
VIEWING WITH YOUR REFLECTOR 


This new Edmund development adds real convenience 
to viewing objects on the earth. Just put the lens 
erector in your eyepiece holder, insert eyepiece, and 
focus normally. You see everything right side up and 
correct as to left and right. Made of polished chrome- 
finish brass telescoping tubing that will fit any 
standard 114” eyepiece holder. Tubing is 914” long 
and slides 3” into eyepiece holder. Erecting system 
consists of two coated achromats. 


Stack: PSO DION 6s cssons soocesoncessdeod $9.95 ppd. 


TELESCOPE ROLL-FILM CAMERA 


This model uses rolls of 
#127 film. Picture area 
will be a circle 1-9/16” 
in diameter. 

The advantage of this 
model is the ease of using 
roll film. With each camera 
you get a piece of ground 
glass. Before loading film 
in the camera, you focus 
“Then tak it in this position. For 


the telescope. 
positions other than infinity, you can scribe a mark 
on your tube. 


BIMOK ar) Be oo ooo vind 9:0 ee acted oinals clans $29.50 ppd. 


SHEET-FILM CAMERA 


Uses rape 244” x 314” size. Camera box size is 


27 


7 ae 


Stock ptt Nawie giencelp sis oiniemioue aise ctarald $39.50 ppd. 


Ideal nm Desieesns er 


STARMASTER ASTRONOMY SET! 


ay Bring the thrills and wonders 
of outer space right into your 
home. De Luxe, 37-piece Set 
includes separate film projec- 
tor and action pictures of a 
_ to the moon, from blast- 
to return. 
Also includes star projector 





and_ constellation projector 
plus 10x telescope. 
Power source, flashlight pointer, and instructions 


included. Lower-priced Junior Set with single projec- 
tor also available, but without telescope. 


Stock 370,234-Y....De Luxe........s000. $10.00 ppd. 
BIOEK) FpPeOOAN <5 5 SUMO 60:56:00 50.0000 $ 5.00 ppd. 


“MAKE-YOUR-OWN” 41/4” MIRROR KIT 


The same fine mirror as used in our telescopes, 
polished and aluminized, lenses for eyepieces, and 
diagonal. No metal parts. 


RR IN 6 soi isin ae 0 p:dealodiedauaee $16.25 ppd. 


6X FINDER 
TELESCOPE 





Has crosshairs for exact locating. 
sliding objective mount in and out. 
diameter tube — an important advantage. 


You focus by 

Base fits any 
Has 3 
centering screws for aligning with main telescope. 20- 


mm.-diameter objective. Weighs less than 14 pound. 


SPOCK SRO QIN os ssi os Mivincisersiseien'eies $8.00 ppd. 


STANDARD 1%” EYEPIECE HOLDER 


Here is an economical plastic slide- 
focus eyepiece holder for 114” O.D. 
eyepieces. Unit includes 3”-long 
chrome-plated tube into which your 
eyepiece fits for focusing. Diagonal 
holder in illustration is extra and 
is not included. 


Stock #60,067-Y......... $2.50 ppd. 
Stock #60,049-Y (diagonal holder) 1.00 





EDMUND SCIENTIFIC CO 
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DOUBLE AND TRIPLE YOUR 
TELESCOPE’S POWER 
WITH A BARLOW LENS 






PRIMARY FOCUS 





RAYS 
FROM 
PRIMARY 





SINGLE r \ 

ELEMENT p—? | eveniece 
eantow—~ [— Q 

Ww HAT IS A BARLOW? A Barlow lens is a negative 
lens used to increase the power of a telescope with- 
out resorting to short focal length eyepieces, and 
without the need for long, cumbersome telescope 
tubes. Referring to the diagram above, a Barlow 
is placed the distance P inside the primary focus 
of the mirror or objective. The Barlow diverges the 
beam to a distance Q. This focus is observed with 
the eyepiece in the usual manner. Thus, a Barlow 
may be mounted in the same tube that holds the 
eyepiece, making it very easy to achieve the extra 
power. The new power of the telescope is not, as 
you might suppose, due to the extra focal length 
given the objective by the difference between P and 
Q. It is defined as the original power i“ the tele- 
scope times the quotient of P divided into Q 








Beautiful chrome mount. We now have our Barlow 
lens mounted in chrome-plated brass tubing, with 
special spacer rings that enable you easily to vary 
the power by sliding split rings out one end and 
placing them in other end. Comes to you ready to 
use. Just slide our mounted lens into your 114” I.D. 
tubing, then slide your 1144” O.D. eyepieces into our 
chrome-plated tubing. Barlow lens is nonachromatic. 


Stock #30,200-Y...Mounted Barlow lens....$8.00 ppd. 


UNMOUNTED 3X BARLOW LENS 


These lenses are made for telescopes that have smaller 
diameter eyepieces than the standard 114” size. Mount 
one between the eyepiece and objective, and triple 
your power. Instructions included. Single-element 
lens, focal length —1-5/16”, unmounted. 

Stock #30,185-Y....0.932’ diam........... $3.50 ppd. 
Stock 290,S00-¥... 0.912" GiaM......2c006 $2.50 ppd. 


3X ADJUSTABLE-DIAMETER 
BARLOW LENS 


For telescopes with eyepieces 
smaller than the standard 114” 
outer-diameter size. Prongs on 
mount can be opened or closed 
to fit tubes from 13/16” to 1” 
outer diameter. Directions for 
using included. 


Stock #30,339-Y...... $5.00 ppd. 





MORE POWER FROM YOUR 
JAPANESE TELESCOPES 
Mounted Barlow for Japanese Telescopes 


By inserting this single-element lens in the eyepiece 
end of your Japanese telescope, and putting your regu- 
lar eyepiece in the end of the Barlow tube, you can 
increase your telescope’s power up to three times. 
Thus, instead of 60x, you will get 120x or 180x. 
Barlow is mounted in two pieces of telescoping brass 
tubing each 4” long, satin chrome plated on the out- 
side. Inner diameter of large tube and outer diameter 
of small tube are 0.965”, the standard size for most 
Japanese telescopes. Measure yours before ordering. 
0.965” is approximately 31/32” or 24.5 mm. 


SimEE Sees cdcdccsccicsxeceseceuees $6.00 ppd. 


BARGAIN! MOUNTED 
ACHROMATIC BARLOW LENS 


2-element, low-reflection-coated, negative achromat 
which will increase the power of your telescope over 
3 times. The short focal length (—1.74”) allows the 
lens to be used close to the primary focus, eliminating 
the need for long cumbersome tubes as in most long- 
focus Barlow systems. Outside diameter of tube, 1144” 
(standard eyepiece size). Your standard eyepieces 
will fit in the other end. Spacers are included to vary 
the power. Complete directions. 


Sticke “AMORA 63) 5 veces a x reniaaeee $15.00 ppd. 


ORDER BY STOCK NUMBER 


BARRINGTON -e 








OPERATE YOUR TELESCOPE’S CLOCK 
DRIVE FROM YOUR AUTO BATTERY 


This small inverter supplies 110-volt, 60-cycle elec- 
tricity from your 12-volt car battery to operate your 
clock drive anywhere in the field. Can also be used 
to operate an electric shaver on trips. 20-watt rating; 
size, 2144” x 214” x 3”; weight, 2 Ibs. Easily fits in 
glove compartment. 


Stock #50,346-Y.... 


Rceeetdecineston MOUNT and TRIPOD 
with CLOCK DRIVE 


Heavy-duty mount. Drive operates 
on 110-volt, 60-cycle, a.c. house 
current. Follows motion of stars 
smoothly. 32” tripod legs in- 
cluded. 


Stock #85,081-Y.. 


T2-volt: only. ...0s000% $14.95 ppd. 


- $76.50 f.o.b. 
Barrington, N. J. 


Same mount as above, without 
' clock drive, for 8” or smaller re- 

flectors and for 4” or smaller refractors. 

Stock #85,023-Y..... New Low Price..... $39.50 f.o.b. 

Barrington, N. J. 


STARS THAT GLOW IN THE DARK 


Transform your den or bed- 
room into a realistic night sky. 
Schools, too, can set up au- 
thentic sky scenes showing con- 
stellations, planets, in a dark 
room for daytime lectures or 
explanations of earth and space 
{ science. Equally attractive as a 
: means of making your child's 
+. : room a fairyland, where their 
[ VT . canopy of stars will make them 
os welcome rather than fight 
“lights out.’’ Set consists of 
125 luminous star decals made of safe, nonradio- 
active phosphor. Stars glow after exposure to 
strong light. 


Wan PUR sss cdi nesinnax teens $1.00 ppd. 
MAP OF THE MOON 


Edmund Scientific Co. strongly recommends this moon 
map. 35” x 46” photographic reproduction of the 
full moon a very helpful aid. It is in black and 
white and has all named lunar formations clearly 
marked. In addition, it gives a complete index to 
their locations and much valuable information on 
the moon. 


Stock HIBIIN......-----++- Sieue see eens $1.00 ppd. 
PORTRAIT OF THE UNIVERSE 


All the astronomical phenomena actually ‘‘sat’’ for 
their portraits before the camera telescopes of Mount 
Wilson, Palomar, Lick, and Yerkes observatories. Any 
amateur will find these thrilling photographs and the 
pertinent data included of great value. Each picture, 
6” x 6”. Handy spiral binding. Covers pene, solar 
phenomena, star clusters, and so forth. 32 black-and- 
white photographs. 


Sieh SEIN obvi ces corcrctcneaseses ee $1.95 ppd. 


WAR-SURPLUS! AMERICAN-MADE! 
7 x 50 BINOCULARS 


Big savings! Brand new! Crys- 
tal-clear viewing — 7 power. 
Every optical element is coated. 
An excellent night glass — 
the size recommended for satel- 
lite viewing. Individual eye 
focus. Exit pupil 7 mm. Ap- 
prox. field at 1,000 yds. is 
376 ft. Carrying case included. 
American 7 x 50’s normally cost $195. Our war-sur- 
plus price saves you real money. 

StGeh. FEVEGIE oc ccccccsccdeciconcs Only $55.00 ppd. 
(Tax included) 


Mounted Ramsden Eyepieces 
Standard 114” Diameter | eee 


Our economy model, standard- | 
size (14%4” O.D.) eyepiece. We | 
mounted two excellent quality | 
plano-convex lenses in_ black 
anodized aluminum barrels in- 
stead of chrome-plated brass to 
save you money. The clear image 
you get with these will surprise © 
you. Directions for using short focal length eyepieces 
are included with both the 144” and 14” models. 
Stock 330,204-Y..... VW4"' focal length..... $4.75 ppd. 
Stock +30,203-Y..... Y2"’ focal length..... $4.50 ppd. 











SEND CHECK OR MONEY ORDER 


STAR AND SPACE MAPS 


Three giant maps: THE SOLAR SYSTEM, 50” x 
38”, showing solar pn detailed moon map; 12 
telep hoto ee of moon, sun, planets. WORLD 

R CHART, 50” x 38”: locates stars Pa any time 
Se year, any position on earth. 3. MAP OF THE 
SOLAR SYSTEM, 35” x 48”; shows planets, zodiac, 
and so on. 


Stock #9245-Y....Set of 3 maps......... $1.00 ppd. 


8” SETTING-CIRCLE SET 
Stock #50,133-Y..Complete set .......... $3.00 ppd. 
Stock 460,078-Y. .360° declination circle only $1.60 ppd. 
Stock #60,079-Y. .24-hour right-ascension circle only 








$1.60 ppd. 
534” SETTING-CIRCLE SET 
Stock #50,190-Y..Complete set........... $2.50 ppd. 


Stock 60,080-Y . .360° declination circle only $1.35 ppd. 
Stock #60,081-Y. .24-hour right-ascension circle only 
$1.35 ppd. 


LARGE ERFLE EYEPIECE 112” F.L. 
War-Surplus Bargain — Gov't. Cost Approx. $100 


Large telescopes should have one 
of these for low-power viewing. 
Apparent field of view 65°. Also 
use with the 24”-focal- length Aerial 
Camera lens to make a 16-power 
wide-field telescope or a 27-power 
scope with one of the 40”-focal- 
length Aerial Camera lenses. Low- 
reflection-coated, 5-element lens sys- 
tem. Field lens of Eastman Kodak’s 
rare-earth glass for better aberration correction. Has 





ee) 


diopter scale. Smooth focusing 34” movement. Out- 
side diameter of attaching threads, 3” — 32 threads 


per inch. Clear aperture of eye lens 2”, field lens 
1-25/32”. Weight 314 lbs. 


SEW BIGGIN i ooh s adiccdcdsesstecaus $9.95 ppd. 


Attention! For Beginners, Junior 
Astronomy Clubs, Boy and Girl Scouts, 
Camp Groups, School Science Clubs 


MAKE 8-POWER ASTRONOMICAL 
TELESCOPE 
with Low-Cost Bagioner's Kit! 


Every boy and girl of today ie 
dreams of being a part of 
the exploration of outer 
space. That desire makes 
building his own telescope 
a real thrill. Now anyone 
of Cub Scout or Brownie 
age on up can make his 
own astronomical 8-power 
telescope in one evening, 
without tools or machinery. Here is an ideal, attrac- 
tive group project for scouts, junior astronomy clubs, 
or similar groups. (See special quantity prices.) Scope 
is powerful enough to show craters of the moon, 
Jupiter's satellites, and many stars not visible to the 
naked eye. Kit includes objective lens, field lens, eye 
lens, glare stops. kraftboard tubes, cadmium-plated 
metal ferrules, and other parts to build an 18”-long, 
13/,”-diameter telescope of 8 power. 





SOCR BIG ZG one vc cecvtccvecccscucesne $3.00 ppd. 
SPECIAL QUANTITY PRICES 

Seth BAO ZI cess 3S Bees ctsicssvss $12.50 ppd 

Steck: FFG ZAG... 10 RNS co ccccsccess $22.50 ppd 





BE SURE TO GET 
FREE CATALOG “Y” 
128 Pages! Over 1000 conn 


Fantastic variety — rarely before 
have so many lenses, prisms, 
optical instruments, and compo- 
nents been offered from one 
source. Probably the greatest 
assembly of bargains in all 
America. Imported! War Sur- 
plus! Hundreds of other hard- 
to-get optical items. Many sci- 
ence and math learning and 
teaching aids. 

Write for Free Catalog “Y”. 

















NEW 


EASY PAYMENT PLAN AVAILABLE! 
DETAILS WITH CATALOG 


SATISFACTION GUARANTEED! 


JERSEY 
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From Any Point of VIEWING... 
Quality Means Finer Performance 


Enjoy the Professional Features and Exquisite Optics of Any of These 4" Dynascopes® 


Check the continuing list of professional-type features offered by these how any DYNASCOPE makes your dollars go further. All these are reasons 
tt colleges, and clubs make Criterion instruments 


DYNASCOPES.®. . . Many exclusive in their respective price field. Notice why more serious s, 
how carefully each comp t is finished to the last detail to ensure their first choice for superior quality and dependable perfor e 


longer life and a more attractive appearance. Compare the price and see 


4-INCH STANDARD 


DYNASCOPE 











The advanced design of this 
precision-made instrument 
includes many professional- 
type features essential for 
superior viewing — some so 
new that they were not even available 
on our more expensive Dynascopes just a 
year or so ago. Constructed of the finest 
quality materials, each component is skill- 
fully engineered for dependable operation 
and fully finished for attractive modern 
appearance. And, in the true Dynascope 
tradition, this thrifty 4-inch model brings 
you all the superior advantages of Criterion’s 
superb optical system. You can order this 
rich-looking reflector with complete 
confidence that it will deliver all the 
performance it promises. Twice-tested 
to U.S. Government standards before 


1 DELUXE 4-INCH | 
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DYNASCOPE 
ELECTRIC 




























with heavy-duty 
mount and 
new Rotation Rings 


A truly scientific instrument with 

all the features of our standard 
model plus extra advantages for even 
finer viewing. Larger and heavier 
mount (weighs over 12 Ibs.) is fully 
equatorial. Saddle has felt-lined 
rotation rings that permit tube 
to be quickly positioned for 
accessories or to bring eye- 
piece into more comfort- 


Complete For Only 


$4995 


f.o.b. Hartford 
Shipping Wt. 16 Ibs. 





Model K-2A 





/ : : Complete For Only: ee ee 
if meet your test of satisfaction $ 9 5 | able viewing position. 

if or you may return it for 109 
ij full refund. Send check © EXQUISITE 4-INCH PARABOLIC PYREX 
i, or money order toda __f.0.b. Hartford MIRROR accurate to Ye wave. Fer famed 
ij for seen suees. nee on nd wae Dynascope eptical superierity. © NEW 
J Available without pyy.o-MATIC ELECTRIC DRIVE, tetally enclesed, 


Electric Drive with self-acting clutch. © TRUE EQUATORIAL 
Model K-2B = aD ALTAZIMUTH MOUNT with complete frictien 
$89.95 adjustments for any latitude, declination and 
right ascension. Rugged cast-iron construction. © 3 STANDARD 114” 
EYEPIECES: 18-mm. Huygens, 9-mm. Achromatic Ramsden, 7-mm. 
Achromatic Ramsden, for 65X, 130X, and 167X. © 4X ACHROMATIC 
FINDERSCOPE with crosshairs, micrometer focusing and adjustable 
collimation. @ RACK-AND-PINION DOUBLE-DRAW EYEPIECE HOLDER 
for easy, exact adjustments. Accommodates any eyepiece, negative or 
positive. @ PROFESSIONAL-TYPE STEEL TRIPOD with fast-fold legs for 
easy portability. Extra stability in vibration-free design. 


@ CLASSIC 4-INCH PARABOLIC PYREX MIRROR guaranteed to perform to Dawes’ limit 
for its size. Aluminized and coated with zircon quartz. © QUICK-ACTION EQUATORIAL 
AND ALTAZIMUTH MOUNT with fingertip control. Simple twist locks mount instantly or 
sets for any drag desired. Free-moving polar axis (small setting circle for declination). 
« 4-POWER CROSSHAIR FINDERSCOPE with coated achromatic lenses, for greater accuracy, 
easier spotting. Screw-type micrometer focus. Extra-large field of view. (Supporting 
bracket with collimation adjustments.) © RACK-AND-PINION EYEPIECE FOCUSING for 
smooth, precision focusing without lash or jerk. @ 3 COMPOUND EYEPIECES: 18-mm. 
Huygens, 9-mm. Achromatic Ramsden, 7-mm. Achromatic Ramsden, for 65X, 130X, 167X. 
Completely threaded precision units. Clear, sharp views to extreme edges. @ LIFETIME 
45" REINFORCED BAKELITE TUBE with handsome brass trimmings. Fits snugly into fully 
contoured saddle. Attractive optical-black finish. @ TRIPOD OF HARDWOOD folding legs 
guarantees stability. Special position locks prevent collapse. Completely portable, folds 
up without disassembling. 

4, 


—_ = ww es ee ee ee ee oe YO oe 


SUPER DELUXE > 
ELECTRIC 4-INCH LD 


DYNASCOPE 


with features 

found only in the 
finest reflector 
telescopes! 












For those who want the ultimate in an electrically driven 4-inch reflector! 
This top-performing new DYNASCOPE is actually a 4-inch duplicate of our 
DeLuxe 6-inch model. You get such truly fine features as a 6 x 30 achromatic 
finderscope, a fully rotating tube for more comfortable viewing, and a superb optical 
system that includes five of our finest eyepieces — four achromatic and one 
orthoscopic. You won't find a finer 4-inch reflector anywhere! 


@ EXQUISITE HAND-CORRECTED 4-INCH PARABOLIC MIRROR accurate to better than Ye wave. 

Made of pyrex. Aluminized, overcoated. Triple tested. Mounted in removable cell. @ ADVANCED- 

DESIGN EXTRA-HEAVY-DUTY EQUATORIAL MOUNT with oversize castings and fingertip control. Ad- 

Model RV-4 justable for latitude. Absolutely smooth action. Rotating base for easier orientation. @ SETTING 
CIRCLES for both right ascension and declination assure faster location of specific object. @ SLOW 

Complete For Only MOTION in declination. @ 5 SHARP-VIEW EYEPIECES: 18-mm. Achromatic Ramsden, 12.7-mm. 
Achromatic Ramsden, 9-mm. Achromatic Ramsden, 7-mm. Achromatic Ramsden and 6-mm. Ortho- 

$ 95 scopic, for 65X, 100X, 130X, 167X, and 220X. All precision-threaded, standard 11/4’’-diameter 
barrels. © NEW DYN-O-MATIC ELECTRIC DRIVE, with totally enclosed self-acting clutch. © 6 X 30 

to Hartford ACHROMATIC FINDERSCOPE with crosshairs and extra-firm twin-post mounting. Micrometer focus- 

Sachi ing, coated achromatic objective. @ FULLY ROTATING BAKELITE TUBE with double-thick wall for 
Shipping Wt. 40 Ibs. maximum strength. Polished rings of pure cast aluminum provide extra reinforcement for ends. 
Express Chgs. Collect smart grey wrinkle finish. @ HANDSOME STEEL AND GRAINED-HARDWOOD TRIPOD with special 
tapered shank ends. Includes spreaders and heavily reinforced joints. No danger of collapse, side- 

play, or wobble. Sets up quickly anywhere; folds easily and compactly for complete portability. 





OTHER DYNASCOPES AVAILABLE IN 3-INCH TO 16-INCH MODELS — Quality engineering of precision 
instruments does not permit mass production. Consequently the supply is limited. For early delivery 
‘ send your check or money order today, or write for free brochure. 


CRITERION MANUFACTURING CO. 


Manufacturers of Ouality Optical Instruments and Equipment 


Dept. STD-59, 331 Church St., Hartford 1, Conn. 
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“GLEANIN GS FOR ATM’s 


CONDUCTED BY ROBERT E. COX 


A SOLAR-PROMINENCE TELESCOPE USING AN INTERFERENCE FILTER 


HE PROMINENCES on the sun 

afford some of the most fascinating 
viewing in the sky, and doubtless many 
amateur astronomers would observe them 
if it were not for the instrumental prob- 
lems involved. Except for the rare, brief 
moments of a total solar eclipse, promi- 
nences cannot be seen without a spectro- 
helioscope, coronagraph, or quartz bire- 
fringent filter.’ 

The first of these instruments has been 
used for many decades, but a spectro- 
helioscope is difficult to make and operate 
and is better suited to study of the solar 
surface. The coronagraph simulates an 
artificial eclipse, but is so sensitive to scat- 
tered light that it can be most efficiently 
employed only in selected high-altitude 
locations. Like the spectrohelioscope, the 
quartz birefringent filter removes all the 
light except that of the hydrogen-alpha 
line in the red region of the spectrum, at 
a wave length of 6563 angstroms. ‘This 
filter gives excellent results, but is also 





On June 14, 1959, Dr. A. K. Presnell 
recorded this very bright, rapidly 
changing surge prominence on _ the 
limb of the sun. He took these views 
at 1:49, 1:53, and 1:59 p.m., Eastern 
standard time (top to bottom). The 
enlargement is some four times from 
the original 35-mm. negative, and the 
greatest extent of the prominence is 
about 60,000 miles. The telescope used 
for these pictures is described here. 





difficult to make and demands close tem- 
perature control during use.’ 

Here I wish to describe another type of 
filter that may be employed with modified 
telescope optics to give satisfactory observ- 
ing. It works on the principle of the in- 
terference of light. When a beam passes 
through two closely spaced plane-parallel 
surfaces, part of the light is reflected by 
the second surface back to the first one, 
where it is again reflected to become part 
of the transmitted beam. Some wave 
lengths of light will be reinforced and 
others more or less canceled out by inter- 
ference of the two sets of waves, which 
are no longer in phase. The amount of 
interference at a particular wave length 
depends on the spacing of the surfaces 
and the nature of the material between. 

Therefore, by proper choice of mate- 
rials and spacing, a filter can be made 
that will reflect or transmit with high efh- 
ciency a spectral band at any desired wave 
length. For a number of years such filters 
have been available commercially, but 
their transmitting bands usually have a 
half-width of about 150 angstroms, much 
too wide for solar prominence work. 

Recently, however, Baird-Atomic, Inc., 
succeeded in producing a multilayer in- 
terference transmission filter two inches 
in ciameter with a half band-width of five 
angstroms, centered on the Hz line. This 
is probably the optimum band-width, for 
the line itself has considerable breadth, 
and Doppler motions in the prominences 
often shift the radiation from the center 
of the line. 

This filter has the great advantage of 
transmitting over 50 per cent of the inci- 
dent energy at the peak of the transmis- 
sion band, compared to about six per cent 
for a quartz monochromator. Considering 
the shopwork and labor saved, such filters 
are not expensive,’ and pictures I made 
last year using a prototype filter show how 
well it is adapted for solar work, even in 
the relatively unfavorable observing con- 
ditions of the Middle West. 

At first the filter was mounted in front 
of the prime focus of the Cincinnati As- 
tronomical Society’s 8-inch refractor, which 
was stopped down to a 2-inch aperture. 
An occulting disk, to block out the sun’s 
bright disk but not the prominence re- 
gion at the limb, was placed at the tele- 
scope’s focus. Reasonably good results 
were obtained, but adapting an ordinary 
telescope in this way is not recommended. 
For one thing, there is considerable scat- 
tered light from the four surfaces of the 
achromatic objective. Since the Ha filter 
is practically monochromatic, a_single- 
element lens can give excellent images, 
while scattering less light. 

Later the filter was mounted in a sta- 
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THE ASTRONOMER KIT 


A complete telescope mirror making kit. 


x FOUCAULT TESTER, in its entirety, with light 
source, knife-edge, measuring scale 
PYREX MIRROR BLANK 

% NEW, NONVITREOUS TOOL, faster, smoother, 


more accurate 
SEVEN ABRASIVES for greater safety and speed 
CERIUM OXIDE for fast, clean polishing 
SPECIAL OPTICAL PITCH to minimize danger of 
turned-down edge 
MAGNIFYING LENS, essential in mirror grinding 
% DETAILED, ILLUSTRATED INSTRUCTIONS, ‘Mirror 
Making in the Kitchen’ 
(Starred items exclusive with The Astronomer Kit) 
6-inch kit 
44-inch. ...$11.50 ppd.; 8-inch....$22.50 ppd. 
Foucault tester only vaeee 
Money-back guarantee. 


ASTRONOMY, inc. 
Suite 305, American National Bank Bldg. 
Denver 2, Colorado 


Write for catalogue. 











Precision Diagonals 


You will get the best possible per- 
formance from your telescope with one 
of our clear fused quartz diagonals. 
Accuracy guaranteed 1/20 wave. 
Ellipse 1.25'' x 1.77" $12.00 
Ellipse 1.5" x 2.12" $15.00 


Pyrex diagonals, 1/8-wave accuracy. 
Ellipse 1.25'' x 1.77" $ 6.00 
Ellipse 1.5" x 2.12" $ 9.00 
Without aluminum coating, deduct $1.00. 

Send for our complete list of supplies, 


quartz mirrors, blanks, oculars, 
coatings, and accessories. 


E& W OPTICAL CO. 
2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 





TELESCOPE HOBBYISTS 
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MONEY-BACK GUARANTEE 
HOME INSPECTION 
of the finest 


TELESCOPE PARTS AND KITS 


MIRROR MAKING KITS 
$450 vw» 


$9.50 





Build a powerful precision 
telescope. Quality supplies 
and instructions. 


6” PYREX KIT 








HARD OVER-COATED 


ALUMINIZING 
6” $350 


Superior reflecting surface. 
to peel or blister. 
YOUR MIRROR TESTED FREE ON REQUEST. 


a” $450 


Guaranteed not 








Complete Instructions, 10c. Free Catalog. 


Precision Optical Supply Co. 
1001-T E. 163 St., New York 59, N. Y. 
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UNIVERSAL RACK-AND- 
PINION FOCUSERS 


For reflectors or refractors. 





Take standard 114,”-diameter eyepieces. Spe 
cially designed base fits any tube 5” or more tn 
diameter. Carefully machined aluminum and 
brass construction permits critical setting 
Slotted extension tube holds eyepiece firmly 
and gives sufficient working distance for Bar 
lows $9.95 postpaid 


MIRROR 
CELLS 


Solid cast alumi 
num, fully adjust 
able, painted, com 
plete and ready to 





use Shipped post 
paid 
6” mirror cell for 7” or larger tube $6.75 
e” 9” ; 8.95 
10” 115,” 15.95 
121,” 14,” 20.95 


PYREX MIRROR-MAKING KITS 
With new velvet-finishing tools. 


i,” diameter $5.70 postpaid 


6” 9.50 postpaid 
8” # 12.25 shipped collect 
10” : 21.75 shipped collect 
12,” 41.25 shipped collect 
Kits include five abrasives, with our special 
superfine finishing abrasive for superior fine 
grind, selected pitch, cerium oxide, pyrex 
mirror, and velvet-finishing tool (heat resist 
ant, approximate hardness of pyrex). C.O.D.'s 
uccepted 
Used telescopes, binoculars, microscopes, and 


optics bought, sold, or exchanged 
Write for free catal g. 
NYE OPTICAL CO. 


2100 Cherry Ave., Long Beach 6, Calif 








BRANDON OCULARS 





' 


ke 


These orthoscopic oculars are the 
choice of the amateur as well as the pro- 
fessional astronomer. Seven sizes avail- 
able: 4-mm., 6-mm., 8-mm., 12-mm., 
16-mm., 24-mm., and 32-mm._ focal 
lengths. Standard 114" outside diameter. 

$15.95 each 


Brandon Oculars may be purchased at 


Cave Optical Co 4137 E. Anaheim 
St., Long Beach 4, Calif. 

Cleveland Astronomics, Box 209, Cha 
grin Falls, Ohio 


American Lens and Photo Co., 5700 
Northwest Highway, Chicago 30, III. 

Optron Laboratory, Box 25, D.V. Sta 
tion, Dayton 6, Ohio 

Adler Planetarium, 900 E. Achsah Bond 
Dr., Chicago 5, Ill 

Polaris Telescopic Shop, 14319 Michi 
gan Ave., Dearborn, Mich 

Chuck's Telescopic-Optical Shop, 88 
Sherbourne D1 Inkster, Mich 


”v order direct 


LIBRASCOPE P. R. 


Guaynabo Puerto Rico 
Formerly BRANDON INSTRUMENTS 


We will ship airmail, 








- oi 


ale cae 


The Presnell solar prominence telescope and its mounting. The plano-convex 
lens is carried at the upper end of the tube, while the camera is just above 
center. The eyepiece for visual observations extends toward the upper left 
in this view. At the center of the base are the drive mechanism and gears. A 
reversible motor and differential provide slow motion in right ascension. 


tionary telescope pointed at a coelostat. 
But the first-surface mirrors scattered 
light, and a back-surfaced wedge-shaped 
mirror made the image of the sun slightly 
elliptical, so it did not match the occult- 
ing disk. After these experimental efforts, 
I decided upon the optical system sketched 
here, which proved far the best. 

Light enters at the left, where A is a 
simple plano-convex lens, stopped down 
to a 3-inch aperture, with a focal length 
of 90”. It is movable for focusing, so 
that other parts of the optical system, 
such as the occulting disk at B, may be 
kept stationary. This disk is rotatable 
around the optical axis. Since the earth’s 


distance from the sun varies during the 
year, the solar image changes size, and | 
have disks of different radius that are in- 
terchangeable. There are three light baf- 
fles or diaphragms between the objective 
and the occulting disk, in order to cut 
down scattered light. 

At C, 3” behind B, is a polished Cor- 
ning sharp-cutoff filter No. 2412, which 
passes only red light. This is necessary 
because the interference filter transmits 
several broad bands in the blue end of 
the spectrum. Immediately behind this 
red filter is the right-angle prism D, while 
another is 43” away at E, reducing the 
length of an otherwise inconveniently 
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A schematic diagram of the prominence telescope’s optical system. Light enters 
the lens at A and is viewed at I or photographed at N. 
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Enlarged about eight times, this film frame shows a looped prominence and 
associated surface activity. It was taken June 19, 1959, at 5:31 p.m., EST. 
All photographs with this article are provided by the author. 


long optical system by folding the light 
path. 

The light then passes through F, a col- 
limating lens of 21” focus. A much shorter 
focal length should not be used, as it 
would seriously limit the size of the field. 
I use a war-surplus achromat, but a single- 
element lens would be satisfactory. Next, 
at G, is the interference filter itself, with 
provision for adjusting it about an axis 
perpendicular to the optical axis. This is 
necessary because the wave length trans- 
mitted by a filter of this type is a function 
of the angle of incidence, and very slight 
changes in the desired angle may take 
place over a period of years. 

After the filter, at H, is another lens 
identical to the collimator. When con- 
structing the telescope, I left enough 
space between F and H to substitute a 
quartz monochromator if desired, but 
such a change is no longer contemplated. 
Lens H brings the light to a focus at the 
photographic eyepiece, K, but the beam 
may be diverted by swinging the hinged 
prism J into place when the visual eye- 
piece at I is to be used. Following the 
photographic eyepiece is a single-lens re- 
flex 35-mm. camera fitted with a lens of 
6” focal length. The camera body is rep- 
resented at L, while M shows the flip mir- 
ror that permits viewing the image on the 
ground-glass screen above it just before 
a picture is taken. 





On March 22, 1959, at 11:05 a.m., EST, 
this relatively faint, high-level promi- 
nence was photographed. 


The film is at N, upon which falls a 
portion of a 33” image of the sun. As the 
solar diameter is 865,000 miles, and _ its 
image is about 89 millimeters across, my 
film scale is nearly 10,000 miles to the 
millimeter. 

The occulting disk design presented 
some mechanical problems, my arrange- 
ment being, perhaps, more complicated 
than necessary. Each disk is made of thin 
brass with a beveled edge, mounted on 
a small steel arm hinged to a diaphragm. 
Two brass rings inside the telescope tube 
hold the diaphragm in place, while one 
of the rings fits a raised section on the 
diaphragm to prevent radial shifting. A 
slot in the tube, between the rings, allows 


for his hobby or profession. 


goods offered, claims notwithstanding. 


discount if paid within 10 days. 


amount. 








++++++++DELUXE hci 
Reflecting Telescope Kits 

Our kits have PYREX mirror blank, PYREX 
tool the same thickness, ample supply of optical 


quality abrasives, fast-polishing cerium oxide 
| red rouge and pitch. Packed in metal cans. 


Size Thickness Price 
4%" Ya" $ 6.00 
6” ¥ $10.50 
8” 1" $18.75 
10” 13%" $33.65 
1242” 2¥e" $59.95 


ADD POSTAGE: Ist and 2nd postal zones 
from Detroit, add 5%; 3rd and 4th, add 
10%; Sth and 6th, add 15%; 7th and 8th, 
add 20%. Or we will ship C.O.D. 
Send for free catalog of supplies, 
accessories, and refracting telescopes. 


ASHDOWNE BROS. 


18450 Grand River Detroit 23, Michigan 











* * BERAL COATINGS * * 


The ideal coating for front surface 
precision mirrors for these reasons: 
. Beral has HIGH reflectivity. 
. Beral is HARD; does not sleek easily. 
Beral can be cleaned easily — no 
porous OVERCOATING of quartz. 
. Beral is NOT a Chromium alloy, so 
can be removed easily. 
Prices for Beral coating telescope mir- 
rors: 4”, $3.50; 6”, $5.00; 8”, $6.50; 
10”, $8.50; 1212”, $12.50. Prices for 
sizes up to 37” diameter on request. Add 
Postage — Insurance for return mail. 


LEROY M. E. CLAUSING 
8038 MONTICELLO AVE. = SKOKIE, ILL. 


— Whe 








1/20-WAVE PARABOLOIDAL TELESCOPE MIRRORS 


Who should buy for his telescope the finest optics now available? 


The astronomer (amateur or professional) who requires for his work or 
enjoyment the finest lunar and planetary detail. 


The astronomer who takes a measure of pride in employing the finest tools 
The astronomer who is mature enough to sense that cheap prices match the 


* The astronomer who has had some experience in optics and hence knows the 
care that goes into the making of near-perfect optical surfaces. 


I am prepared to justify the weed for 1/20-wave accuracy in the primary mirror 
of the telescope, with sound theoretical data showing why, for best planetary and 
lunar definition, it is not enough merely to confine the light rays to the theoretical 
diffraction pattern of a star (in effect, simply to define to Dawes’ limit). 


Please write for a copy of The Reflecting Telescope at no charge. It contains infor- 
mation that you will find valuable in considering a telescope for your own use. 


NEW 1/20-WAVE PYREX MIRRORS, with 1/10-wave diagonal: 6-inch f/9, $95.00; 
8-inch f/8, $155.00; 10-inch f/8 or £/7, $255.00; 1214-inch f/8 or f/7, $395.00. 


RETOUCHING DEFECTIVE MIRRORS: 60% of new mirror price above. 


Terms: 14 with order, 14 when ready to ship, remainder on arrangement to 6 months, 
If full payment is enclosed with order, 2% may be taken on the full 


vow ba O plies 
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or 2% 


1806 South Park St., Box 2053 
Madison 5, Wisconsin 
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the diaphragm’s knurled edge to be ro- 
tated by a finger, so the attached disk 
may be oriented to correspond to the 
portion of the sun’s limb being observed. 

\ small hole in the telescope tube gives 
access to a screw that adjusts the radial 
displacement of the occulting disk and 
steel arm. If the disk is centered and a 
very low-power eyepiece is used, the en- 
tire circumference of the sun may be seen 
at one time. 

Made of aluminum tubing and mag- 
nesium sheet, the telescope weighs, only 
23 pounds, which facilitates taking it in- 
It is readily removed 
from the mounting, to which it is fastened 


doors for storage. 
by luggage clamps. ‘The mounting tripod 
can be moved on retractable wheels and 
set on three small brass plates in the 
concrete of my driveway. It works well 


enough except in high winds, but the 


greater rigidity of a pier would aid in 
maintaining exact superposition of the 
occulting disk on the sun’s image. 


For slow motion in right ascension, a 


reversible motor is connected through a 
differential to the synchronous drive. Mo- 
tion in declination is imparted by a hand- 
driven worm. ‘The differential is war- 
surplus, the other gears having been cut 
on a lathe. Both axes have slip clutches 
for rapid pointing of the instrument. 
The visual performance of the telescope 
is excellent, very fine detail being readily 
observable. On the rare occasions in this 
locality when there is only a little haze, 


the prominences appear quite bright 


On June 13, 1959, at 
2:07 p.m., EST, this 
prominence was ob- 
served on the sun with 
the interference-filter so- 
lar telescope described 
in this article. The au- 
thor uses Kodak 193-Hz 
film developed in D-19. 





The modified Erfle eyepiece has a field 


MI. saccsissiesievveus $15.60 
16.3-mm. (Erfle) .... $15.30 


ie copics 


6565 Romaine Street 
Los Angeles 38, Calif. 


Read This Advertisement 


Here is a combination of a Barlow and a particular ocular which gives outstanding results. 
It consists of our new Barlow and our 16.3-mm. f 
Barlow was not specifically designed to work with this eyepiece, it does so to an astonishing 
degree. All images are sharp and hard to the very edge of the field. 

The Barlow gives magnification up to slightly over three times that of the ocular alone. 
It is achromatic, coated, and mounted to the U. S. standard size of 1.250 inches. 
combination gives an equivalent focal length of slightly under 6 millimeters. Many users state it 
is far superior to any shorter focal length ocular of equivalent magnification. 

The Barlow sells for $16.00 postpaid, and the Erfle for $15.30 postpaid. Both are guaran- 
teed to perform as stated above or money refunded. 


ORTHOSCOPIC OCULARS—AIll hard coated, standard 11/4-inch outside diameter. 


apscneontees $16.80 
peoeente $17.70 


10.5-mm. .... 
ne 


Warranted to equal or surpass any oculars obtainable 


Finished mirrors, mirror kits, spiders, elliptical flats, 


(%4” focal length) Erfle eyepiece. While the 


75 degrees with excellent eye relief. The 


IS css ccessonscacs $17.70 
Barlow 3x 





anywhere or money refunded. 


focusing devices, aluminizing. 


Send for catalogue. 








The new Model A-3-P, 

with completely automatic 
planetary motion, designed 
for the small installation. 





yoitz Me Avutliosies: .™ 
Yorhlyn, » 


} 
announces a pre-public , a a of 


two great new instruments 


/ / 
on the occasion of the visil of 


i, , ae League 


to the SS 
Sunday, September 4, 1960. 


The new Model C, 
a major planetarium 
scaled to the requirements 
of a medium-sized dome. 
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against a dark background. In the ab- 
sence of some microscopic pinholes that 
marred the prototype filter, the contrast 
should be as good as that with a high- 
quality birefringent filter. Sometimes when 
the scattering by haze is small, I can ob- 
serve prominences through thin clouds. 

My photographic results have not been 
as good as the visual because of difficul- 
ties in focusing, as well as graininess and 
lack of contrast in the film. I found that 
a thin coat of colorless nail polish remark- 





ably improved the rather coarse ground- 
glass screen of the camera. A much finer 
surface is desirable to permit sharp fo- 
cusing. After many trials I have settled 
on Eastman’s red-sensitive 103-Ha emul- 
sion, which is available only in 100-foot 
rolls in the 35-mm. size, with delivery 
taking about six weeks. 

This very sensitive film, developed in 
D-19, and the high efficiency of the inter- 
ference filter allow exposures on promi- 
nences as short as 1/50 second. This is a 
great help when there is much wind. 

To avoid annoying ghost images, the 
two outer glass surfaces of the filter should 
have been antireflection coated by the 
manufacturer. Visible only if a portion 
of the sun’s image is not covered by the 
occulting disk, the ghosts are not too an- 
noying for visual work, but look very 
bad on photographs. 

A. K. PRESNELL 
3315 Queen City Ave. 
Cincinnati 38, Ohio 
NOTES 
1. Spectrohelioscopes are described on page 
192 of Amateur Telescope Making—Book 
I, ard a quartz birefringent filter in the 
pamphlet by Richard B. Dunn, How To 
Build a Quartz Monochromator for Ob- 
serving Prominences on the Sun. Also 
see ATM—III, page 376. 

For details of an instrument similar to 
Dr. Presnell’s but using a quartz mono- 
chromator, see “Construction of a Solar 
Telescope,” by Walter J. Semerau, Sky 

AND TELESCOPE, May, 1958, page 369. 
3. Baird-Atomic, Inc., 33 University Rd., 
Cambridge 38, Mass., has stock Ha filters 
of two types, B-11 and B-12, in sizes 1” 
and 2” square. Type B-11, with a trans- 
mission of 50 to 60 per cent, has a broader 
band-width than B-12, for which the 
transmission is 25 to 40 per cent. B-11 
costs $135.00 for the 1” size, $200.00 
for the 2”; B-12 is $250.00 and $375.00, 


respectively. 


no 











8-Power Elbow Telescope 


This telescope has a_brilliant-image 
{8° apparent field; actually 325 feet 
at 1,000 yards. Can be adjusted for 
focusing 15 feet to infinity. 2” achro- 
matic objective, focusing eyepiece 28- 
mm. f.l., Amici erecting sys- 
tem. Turret-mounted filters: 
clear, red, amber, and neu- , 
tral. Lamp housing to il- 
luminate reticle for night use. 
Truly the biggest bargain you 










Coated Binoculars 


Beautifully styled imported binoculars. 


LOW, LOW PRICES! 


Precision made. 


8 x 50 


were ever offered. Original Gov't. cost $200. 
Cat. No. $1686 Not Coated ............ $13.50 ppd. 
Gat. Wes Sitre CONGR ics cicciccatcces $17.50 ppd. 


Mirror Mounts 


Cast aluminum, holds all of 
our mirrors with metal clips. 
Completely adjustable, assem- 
Type bled. 

Cat. No. $1634 3-3/16’’ Mount for 41/2’’ Tubing $4.00 ppd. 





American Type “Zeiss” 





Complete with carrying case and straps. American is “ : 
type offers a superior one-piece frame and clean de- Cat. No. pte 4M — _ ie —— : co ppd. 
sign. Individual Focus (IF) or popular Center Focus Cat. No. $1632 6 sa ab ae: aaa 
(CF). e e 
Field Prismatic Telescope 
Cat. Size at 1,000 Type Price, 
No. yards ppd. NEW! 80-mm. 
$1149 «= GxIUSIF 360ft. Opera ......... $12.75 - Obj ti 
$1436 6x30CF 395 CE alee 18.75 jective 
$1435 6x30IF 395 SMM cee 5 16.75 
$1438 7x35CF 341 WHOM eos ec 20.75 Big 80-mm.-diam. 
$1437, 7x351F 341 ROE einen 17.95 (34%”) objective, 
$1771 7x35CF 341 American ...... 23.50 for spotting or 
$1439 7x35CF 578 American* ..... 35.00 astronomical use. Will show 
$2191 7xS50CF 530 American** 42.50 stars of the 11th magnitude 
$1106 7xS50CF 372 “Zeiss” ......- 24.95 100 times fainter than the 
S-961 7xS50IF 372 GLGHE . ieexs 22.50 faintest visible to the naked 
$1503 7xS50CF 372 American ...... 32.50 eye. Table-top tripod in- 
$1443 8x30CF 393 SVT eee 21.00 cluded, extended 18”, closed 
$1229 8x30IF 393 VECIS ose ee 18.25 1344”. Length of scope 1614”. 
$1108 10x501F 275 i ee 26.75 Combined weight of scope 
$1442 20x50CF 183 WERE ec oes 33.75 and tripod is 514 Ibs. 
$1441 20x 50 IF 183 VE Sic acess 31.75 
*Wide-angle 11 **Wide-angle rive a 
All prices above plus 10% Federal tax. Field at Exit pupil Relative 
Power 1,000 yards diam. Brightness 
: Monoculars 15x 122 ft. 5.4 mm. 29 
? 9? d 4 
Brand new, coated optics, complete po — 4.0 16 
with pigskin case and neck straps. i0 19 30 4 
Cat. No. $1576.......... ee eae $10.00 ppd 60 32 1.3 1 
Cat. Me, SO877.......... er aie 11.25 ppd Ci MR Soc dvadn saree conewacne $59.50 ppd. 
Cat. Me. SUGPO.......... fo eae 12.50 ppd 60-mm.-diam. Scope. Same as above but with 
Cat. We. SUSOS..........025. rare 14.75 ppd smaller objective. Equipped with same five eyepieces 
Cat. Ne Stare... «....- Lo Eee 17.50 ppd — 15x, 20x, 30x, 40x, 60x. With tripod. 
Cat. We. SISRO: «.. «2 <0: yt. Soe 20.00 ppd Gls We SUPE 6 os bcd no scannecswosacoes $42.95 ppd. 


ASTRONOMICAL OBJECTIVES 


e ¢ « Air-spaced + « « 
“THOSE WHO KNOW” 
BUY FROM US BECAUSE: 


Each lens is thoroughly tested and 
guaranteed to resolve to Dawes’ 
limit. They are corrected for the C 
and F lines (secondary chromatic 
aberration). The zonal spherical 
aberration and the chromatic vari- 
ation of spherical aberration are 
negligible. The cells are machined 
to close tolerances so that they fit 
directly over or into our standard 
aluminum tubing, eliminating any 
mounting problems. Test a lens, or : 
have any qualified person test it; we are certain that you will be satisfied. If not, take advantage of our money- 
back guarantee. We offer the lowest-priced, hand-corrected, precision, American-made astronomical objective, 
mounted in an aluminum cell. Our reputation for high-quality lenses has established us as the most reliable 


source in the industry. HARD-COATED ON 4 SURFACES. 





# 1473 


* 1471 


3¥4"" APERTURE #/15 — 48” F. L. { Got. No, $1471 COATED... c.c.scsecscsoleslcllIIII! S300 pp 

4Ya" APERTURE #/15 — 62” F. L. | G3t. No, 81473. COATED =... 2000000220 “és.00 pp 

6" APERTURE £/10 — 60°F. L. { €3t: No. $1860 MOUNTED 2020000202000 800 ped 

6” APERTURE #/15 — 90” F. L. { E2F° No. $1862 MOUNTED 2. 2020000020202SSSIEIEEIISS 8.00 ppd 
.) 


‘BIG’ ACHROMATIC TELESCOPE OBJECTIVES 


We have the largest selection of diameters and focal lengths in the United States available for immediate de- 
livery. These are perfect magnesium-fluoride coated and cemented Gov't. surplus lenses made of finest crown 
and flint optical glass. Not mounted. Fully corrected. Tremendous resolving power. 


@ ALUMINUM TUBING and CELLS are in stock @ 


Cat. Diam. FE. ppd. Cat. Diam. F.L. ppd. | Cat. Diam. F.L. ppd. 
No. No. No. 

$1476. .(2Ve’’)....(10’) ....$12.50 | $1520. .(21%"’)... .(50’") $12.50 | S-957. .(314’’)....(40’’) ....$30.00 
$1112. .(2e"’)....(1194") .. 12.50 S—851. .(3-1/16'").(15’’) .... 21.00 | $1155. .(4”)...... (341/2"") .. 60.00 
$1110. .(21/e' are Es ARF bes | $1158. .(3/’’)....(19V2"") .. 28.00 | $1460. .(414"')....(36’’) 60.00 
$-958. .(21/"’).... (15¥2") ne 75 | S-822. .(3-3/16").(242") .. 22.50 | $1159* .(43¢"’)... .(42’’) 60.00 
Siias...(216"')......(20). ... 230 | $1092. .(314‘")... .(26’") 28.00 | $1225. .(43¢’’)....(42’’) .... 67.50 
$—952. .(2Ve’’)... .(23Y2"’) .. 12.50 | $1093. .(314")....(28’’) 28.00 | $1474*.(5- 1/16"). (2434'") .. 75.00 
Staar. (26). ... (0) .... 350 | $1139. .(34%4").. LS ... 28.00 | $1475. .(5-1/16’’) 1: (2434"") .. 85.00 
$1402. .(216")....... 40") 2.5 12. 50 | S-955. .(314"’).. (34V2") .. 28.00 *Not coated. 
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Astronomical Mirrors 


These mirrors are of the highest quality. Aluminized 
and_ silicon-monoxide protective coating. You will 
be more than pleased with their performance. 





Cat. No. Diam. F.L. ppd. 
$1429 Plate glass 3-3/16" 42” $ 9.75 
$1506 Pyrex 44" 45” 13.50 
$1507 Pyrex 6" 60” 25.00 
$2188 Pyrex 6” parabolic 48” 49.50 
es 

Mounted Eyepieces 
The buy of a lifetime at a great sav- 
ing. Perfect war-surplus lenses set in 
black-anodized standard aluminum 
14,” O.D. mounts. 
Cat. No. F.L. Type ppd 
be 1 7 ae 6mm. (14")...... Orthoscopic ...... $13.25 
Mt | ASG CT ey Ae Ramsden ......... 4.75 
$1853... .12.5 mm. (1/2’’)....Ramsden ......... 4.50 
$1207....12.5 mm. (1/2’’)....Symmetrical ...... 6.00 
$1251....16mm. (5@”)..... Erfle (wide-angle) . 12.50 
$1257....16mm. (56")..... Orthoscopic ...... 12.50 
$1209....18mm. (34’)..... Symmetrical ...... 6.00 
$1211....22mm. (27/32’). .Kellner x 
$1835....27 mm. (1-1/16’’)..Kellner .. 4.50 
$1355. ...32 mm. (114")..... Plossl! 2.50 
$1253... .35 mm. (138”)..... Symmetrical ...... 8.00 
$1255....55 mm. (2-3/16’). .Kellner .......... 6.00 
$1485... .56 mm. (214”)..... Symmetrical ...... 6.00 


COATED LENSES 75 cents extra. 


“Giant” Wide-Angle Eyepieces 


Erfle eyepiece with 65° field, contains 
3 coated achromats. 114” E.F.L., clear 
aperture 2144”, Has a focusing mount 
with diopter scale. Also makes an 
excellent 35-mm. Kodachrome viewer, 
magnifies seven times. 

Cat. No. $1405 (Illustrated) .....2...... $12.50 ppd. 
9.95 ppd. 


3.95 ppd. 


Wide-Angle Erfle 


Brand-new eyepiece with 68° 
coated. E.F.L. 114”. 
3 perfect achromats, 
Cie i SOUS soc bc ch eccacccsccuncees $ 
Cat. No. $1593 11/4‘’-diam. ADAPTER for eye- 

piece above 


An Economical Eyepiece 
This mounted eyepiece has two 


magnesium-fluoride-coated achromatic 
lenses 29 mm. in diameter. Excellent 


Cat. No. $1858 Same as above without di- 
OURG SOQ as 4 xed Cec erccnpicenccens 
Cat. No. $1594 11/4’’-diam. ADAPTER for eye- 
pieces above 


field; 
Focusing mount, 
1-13/16” aperture. 


13.50 ppd. 
3.95 ppd. 





definition. E.F.L. 144”. Cell fits 

¥,” tubing. 
Cah: We SISUE Conte oc ccccicccivedios $5.90 ppd. 
Cat. Ne. SISST Not Coated ......05.cccee 5.25 ppd. 


Rack-&- Pinion Eyepiece Mounts 


pny 





Here is a Sn am opportunity 
for you to own a most mechani- 
cally perfect Rack-&-Pinion Fo- 
cusing Eyepiece Mount with vari- 
able tension Will accommodate a 
standard 1Y eyepiece, positive or negative. The 
body casting is made of lightweight aluminum with 
black-crackle paint finish, focusing tube of chrome- 
plated brass. Focusing tube for refractors has a travel 
of 4”, for reflectors 2”, and will fit all size tubing. 


REFRACTOR TYPE 


or Reflectors y 


and adjustment. 


F 





Cat. No. $1494 for 21g" 1.D. Tubing ..... $12.95 ppd. 

Cat. No. $1495 for 314” |.D. Tubing ..... 12.95 ppd. 

Cat. No. $1496 for 43@’' |1.D. Tubing ..... 12.95 ppd. 
REFLECTOR TYPE 

Cat. No. $1976 (less diagonal holder) ...... $8.50 ppd 

Cat. No. $1982 DIAGONAL HOLDER ........ 1.00 ppd 
@ FREE CATALOG @ 

Millions of lenses, prisms, eyepieces, rack-and- 


pinion eyepiece mounts, cells, aluminum tubing, 
mirrors, binoculars, telescopes, parts, acces- 
sories, and so forth. Write today! 











We pay POSTAGE IN U. S. — C.0.D.’s you pay postage. 


Satisfaction guaranteed or money refunded in 30 days. 


A. 


JAEGERS 


LYNBROOK, N. Y- 





6915 MERRICK RD., 
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Be Certain of Optical Excellence — Buy UNITRON 








MANY Models To Choose From! 


2" SATELLITE ($7.50 Down) 6x, diagonal $75 
eyepiece, altazimuth mount with circles, stand 
1.6 ALTAZIMUTH ($7.50 Down) $75 


with eyepieces for 78x, 56x, 39x 


2.4" ALTAZIMUTH ($12.50 Down) $125 
with eyepieces for 100x, 72x, 50x, 35x 

2.4 EQUATORIAL ($22.50 Down) $225 
with eyepieces for 129x, 100x, 72x, 50x, 35x 

3” ALTAZIMUTH ($26.50 Down) $265 
with eyepieces for 171x, 131x, 96x, 67x, 48x 

3’ EQUATORIAL ($43.50 Down) $435 
with eyepieces for 200x, 131x, 96x, 67x, 48x 

3” PHOTO-EQUATORIAL ($55.00 Down) $550 


with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x 


4” ALTAZIMUTH ($46.50 Down) with $465 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x 

4” EQUATORIAL ($78.50 Down) with $785 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 

4’’ PHOTO-EQUATORIAL ($89.00 Down) with $890 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 

4” EQUATORIAL with clock drive $985 
($98.50 Down), Model 160V, eyepieces as above 

4” EQUATORIAL with clock drive and metal $1075 
pier ($107.50 Down), Model 166V, eyepieces as above 

4’ PHOTO-EQUATORIAL with clock drive and $1175 
Astro-camera ($117.50 Down), with eyepieces 
for 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 

4’ PHOTO-EQUATORIAL with clock drive, pier, $1280 
Astro-camera ($128.00 Down), eyepieces for 375x, 
300x, 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 

6 EQUATORIAL with clock drive, pier, $5125 
2.4’ view finder, with eyepieces for 625x, 500x, 
416x, 357x, 277x, 200x, 138x, 100x, 62x, 42x 


6’’ PHOTO-EQUATORIAL as above but with $5660 
4” guide telescope, illuminated diagonal, 
UNIBALANCE, Astro-camera Model 330 

6’ PHOTO-EQUATORIAL as above with $6075 


addition of 3’’ Astrographic Camera Model 80 


HAS IT OCCURRED TO YOU? 


There is much to recommend a UNITRON 
Refractor as the logical choice for the ama- 
teur astronomer. A UNITRON, optically 
speaking, duplicates the performance of 
larger telescopes of other types. With its 
long focal length, higher magnifications of 
planetary and lunar images are obtained with 
low-power eyepieces. Moreover, there are no 
mirrored surfaces to become oxidized, no 
components which require periodic alignment, 
no secondary optics to cause diffraction pat- 
terns, and no folding of the light back on 
itself through turbulent air with consequent 
loss of definition. No wonder that you see 
more and see better with a UNITRON — the 
telescope that has withstood the test of time. 


HOW TO ORDER 


Send check or money order in full or use our Easy Pay- 
ment Plan, as described below. Shipments made express 
collect. Send 20% deposit for C.0.D. shipment. 
UNITRON instruments are fully guaranteed for quality, 
workmanship, and performance, and must meet with 
your approval or your money back. 


Use Our EASY PAYMENT PLAN 


UNITRON’s popular Easy Payment Plan is a convenient 
and economical way to buy your UNITRON Refractor 
when you do not want to disturb your savings or when 
you haven’t the total cost of the telescope immediately 
available. The down payment required is 10%. The 
balance due is payable over a 12-month period, and 
there is a 6% carrying charge on the unpaid balance. 
Your first payment is not due until 30 days after you re- 
ceive the instrument, and if you should want to pay the 
entire balance due at that time, the carrying charge is 
canceled. (6 models available on special plan.) 


There is no “‘red tape’’ when you order — you merely 
fill in the UNITRON Easy Payment Order Form, return it 
together with the required down payment, and the model 
of your choice is shipped to you at once. 


Do not hesitate to use this plan merely because you 
have never before purchased anything on time payments. 
The procedure is practically painless and is an ideal 
— of enjoying the use of your UNITRON while pay- 
ing for it. 








New UNITRON View Finders 











UNITRON’s popular view finders with newly designed optics and mechanical features are better than ever. 
From left to right: 23.5 mm., 30 mm., 42 mm. 


1. VIEW FINDER (Used on UNITRON 2.4” Equatorials): 
23.5-mm. (.93’’) achromatic objective, 6x eyepiece with 
crosshairs. Chromed brass tube. Mounting brackets with 


centering screws. Only $8.50 postpaid 


2. VIEW FINDER (As used on UNITRON 3” Refrac- 
tors): 30-mm. (1.2’’) coated achromatic objective and 
8x eyepiece with crosshairs. Other details as in View 


Finder 3. Only $10.75 postpaid 


3. VIEW FINDER (As used on UNITRON 4” Refractors): 
42-mm. (1.6’’) coated achromatic air-spaced objective. 
10x eyepiece with crosshairs. Duralumin tube finished 
in white enamel. Dewcap. Furnished with mounting 
brackets, centering screws for collimation, and mounting 
screws. This finder measures approximately 16’ over- 
all. It is light in weight, compact and small enough for 
use as a hand telescope furnishing spectacular wide-field 


views of the sky. 
Only $18.00 postpaid 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC COMPANY 





204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 


PORTABILITY PLUS 
UNITRON | 











UNITRON 2.4” Altazimuth | 


Here is the telescope that has long been 
America's most popular low-priced refractor. 

The UNITRON 2.4" Altazimuth is a favor- 
ite not only with the beginning amateur, but 
is chosen by many owners of larger instru- 
ments as a second telescope because of its 
light weight and extreme portability. A 
newly designed suitcase-type cabinet is now 
being included to house the complete tele- 
scope with tripod and mounting, thus permit- 
ting even more convenient transport than ever. 

The UNITRON 2.4" Altazimuth Refractor is 
priced at only $125 complete with tripod, 
sturdy mounting with micrometric slow-motion 
controls, four eyepieces, choice of UNIHEX 
Rotary Eyepiece Selector or star diagonal 
and erecting prism system, cabinet, and other 
accessories. Using our Easy Payment Plan, a 
mere 10% down payment of only $12.50 
brings this UNITRON to you. 


Get UNITRON’s FREE 





Observer's Guide and Catalog on 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today’s 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs, 











Contents include — 


Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 


Amateur clubs and research 
programs 


UNITRON 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET * BOSTON 9, MASS. 






Please rush to me, free of charge, UNITRON's new Observer's 








Guide and Telescope Catalog 20-£. 

Name — | 
Street 

City ——__—______—_— Sixe—_____ l 
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CELESTIAL CALENDAR 


Universal time (UT) is used unless otherwise noted. 


OCCULTATIONS OF THE HYADES AND OF ALDEBARAN 


N the morning of Monday, August 
15th, the moon will occult 4th-mag- 
nitude Gamma Tauri for observers in the 
eastern part of the United States. This 
star is located at the tip of the V-shaped 
Hyades cluster. The moon will be 22.6 
days old, so disappearance will be at the 
bright limb, reappearance at the dark. 
At station A (Massachusetts), tHe dis- 
appearance is at 3:26 a.m., Eastern day- 
light time, in position angle 79°; the star 
will emerge 73 minutes later, position 
angle 248°. Station B (Montreal) has times 
of 3:30 a.m. EDT, 71°, and 4:43, 256°, 
for immersion and emersion, respectively; 
C (Washington, D. C.), 3:17, 82°, and 
4:27, 244°; D (Toronto), 3:24, 70°, and 
4:34, 258°; and F (Illinois), 2:15 a.m., 
Central daylight time, 67°, and 3:19, 261°. 
For the rest of the country the dis- 
appearance occurs below or too near the 
horizon. The will, how- 
ever, be visible at stations G, H, and J 
(central Texas, Denver, and Edmonton). 
The times and position angles are: G, 
3:02 a.m., CDT, 247°; H, 2:13 a.m., MDT, 
273°; and J, 2:24 MDT, 311°. 
Nearly 10 hours after the occultation of 
Gamma Tauri, the moon will cover Aldeb- 
aran, at midday on August 15th. While 


reappeara nce 


no occultation will occur at stations A, 
B, or J, skillful telescopic observers else- 
where may see the now 22.9-day-old moon 
cover this Ist-magnitude star. Times and 
position angles for immersion and emer- 
sion are: 

C, 2:06 p.m. EDT, 35°, and 2:41, 321°; 
D; 2:14; 6°, and 2:22; 350° F, 12:56 Gp , 
47°, and 1:45, 309°; G, 12:54 CDT, 83°, 
and 2:01, 273°; H, 11:42 a.m. MDT, 59°, 
and 12:45, 295°; I, 11:39 am. MDT, 81°, 
and 12:53, 274°; K, 10:19 am. PDT, 78°, 
and 11:41, 272°; L, 10:18 PDT, 55°, and 
11:28, 294°; M, 10:24 PDT, 25°, and 
11:05, 323°. 

West Coast watchers will also have a 
chance to see the moon cover §' Tauri (K, 
L, M) and @ Tauri (L, M). The reappear- 
ance from behind the moon of 70 Tauri 
will be visible from stations K, L, and M, 
and of 71 Tauri at M. A map showing 
the positions of these stars was printed on 
page 380 of the April, 1960, issue; the 
four stars are labeled there 669, 671, 659, 
and 661, respectively. 

Detailed information on all of these 
occultations was printed in the December, 
1959, issue, pages 99-106, together with 
information on predicting the times for 
one’s local station. 





AUGUST METEORS 

This is ihe month of the famous Perseid 
meteors, which attain an hourly rate of 
about 50 under favorable conditions. 
The moon will interfere this year, how- 
ever, for it reaches full phase on August 
7th and last quarter on the 14th. The 
Perseids have about a 10-day duration, 
with maximum of the shower on August 
11-12. Although the number of meteors 
seen will be very much reduced by moon- 
light, some bright Perseids may repay the 
patient observer. W. ILG. 


MOON PHASES AND DISTANCE 


Full moon August 7, 2:41 
Last quarter August 14, 5:37 
New moon August 22, 9:16 


August 29, 19:23 
September 5, 11:19 
Diameter 
33’ 13” 


29° 28” 


First quarter 
Full moon 
August Distance 
Perigee 5, 20" 223,500 mi. 
Apogee 18, 1" 252,000 mi. 


September 
Perigee 2, 21" 226,300 mi. 32’ 48” 


MINIMA OF ALGOL 
August 1, 23:38; 4, 20:27; 7, 17:16; 10, 
14:04; 13, 10:53; 16, 7:41; 19, 4:30; 22, 
1:18; 24, 22:07; 27, 18:55; 30, 15:44. 
September 2, 12:33; 5, 9:21; 8, 6:10. 


These minima predictions for Algol are based on 
the formula in the 1953 International Supplement of 
the Krakow Observatory. The times given are geo- 
centric; they can be compared directly with observed 
times of the star’s least brightness. 
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ETA AQUILAE 

NE of the brightest and most easily 

observed variable stars in the sky 
is Eta (4) Aquilae, which can be identi- 
fied with the aid of the star chart on 
page 117 of this issue. This variable is 
of the Cepheid type, and runs through 
its cycle of changes in a period of 7.18 
days. 

Its brightness variation is conspicuous 
to the naked eye for anyone who views 
the star night after night. When brightest, 
Eta is approximately equal to Delta (8) 
Aquilae, magnitude 3.4. Then, during 
the next five days, it fades until it ap- 
proximately matches Iota (1) Aquilae, mag- 
nitude 4.3. Only two days are needed for 
the increase to the next maximum. Dur- 
ing this August, maxima of Eta Aquilae 
take place on the 7th, 14th, 22nd, and 29th. 

The pattern of light change is shown in 
detail by C. C. Wylie’s photoelectric light 
curve. Because his measurements were 
made in blue light, he found a larger 
range in magnitude than is observed 
visually, as the amplitude is greater at 
shorter wave lengths. Note the marked 
hump on the descending part of the light 
curve, a feature typical of Cepheids with 
periods of seven days. 

An English amateur, Edward Pigott, 
discovered the variability of Eta Aquilae 
as early as the year 1784. Since then, 
the light variations have repeated them- 
selves with great faithfulness for nearly 
10,000 cycles, except for a slight increase 
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JUPITER’S SATELLITES 


The curves in the accompanying chart show the 
positions of Jupiter’s four bright moons, as seen in 
an inverting telescope, with north at the bottom and 
east at the right. Each horizontal line is for 0® Uni- 
versal time on the date specified, and the intersections 
of the line with the curves indicate the places of the 
satellites at that time. For other Universal times, 
interpolate between the 0" lines. The double vertical 
lines represent the planet’s disk. 

The lower section is intended to aid observations 
of the eclipses of Jupiter’s moons; d is the point of 
disappearance of the satellite in Jupiter’s shadow, 
r is the point of reappearance. The chart is from 
The American Ephemeris and Nautical Almanac; for 
further explanation, see page 446 of Sky anp TELE- 
scope for May, 0 


JupiIrer’s SATELLITES IN AUGUST 


UNIVERSAL TIME 
West East West East 
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in length of period. Around the year 
1800 this was 7.1763 days, in 1870 about 
7.1765 days, and it is now 7.1766 days, 
according to P. P. Parenago. Although 
this period increase is small, its effect is 
cumulative, and in the course of a life- 
time it can shift the times of maximum 
by half a day. 
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DIFFERENCE OF MAGNITUDE 


° 2 4 6 
DAYS FROM MAXIMUM &8RIGHTNESS 


Eta Aquilae’s light curve, as determined 
by C. C. Wylie at the University of 
Illinois Observatory. He measured the 
magnitude difference between the star 
and one of constant brightness. 
Adapted from Baker’s “Astronomy.” 





CORRECTION 
In last month’s issue, page 17, third 
column, fifth paragraph, line five, read 
“Leghorn, Pisa, Arezzo, Ancona, and 
Florence.” 
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THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 


e LIBRA 


Sirius @-e 
5 
2 VENUS 
MARS A JUPITER 
SATURN @ URANUS 
NEPTUNE @N PLUTO 


VARIABLE STAR MAXIMA 


August 1, R Bootis, 143227, 7.2; 6, R 


The moon’s symbols give its phase roughly, with the date marked alongside. Draconis, 163266, 7.6; 8, R poibatieg 
Each planet is located for the middle of the month or for other dates shown. 152849, 7.2: R Sagittarii, 191019, 7.3; 
All positions are for 0" Universal time on the respective dates. 13, R Ursae Majoris, 103769, 7.5; 13, 


Mercury reaches greatest western elon- 
gation on August 5th, 19° from the sun. 
It can be seen low in the eastern sky 
before sunrise about a week before and 
two weeks after that date. The planet 
then becomes lost in the solar glare, 
superior conjunction occurring on the 
3 Ist. 

Venus in midmonth sets about ? hour 
after the sun, but may be glimpsed just 
above the western horizon after sunset 
because it is so bright — magnitude 
— 3.3. Observers with binoculars may be 
able to see the close configuration of 
Venus and the 1}-day-old moon on Au- 
gust 23rd. Conjunction in right ascension 
occurs at 22" Universal time, with Venus 
1° north as seen from the center of the 
earth. The planet will be occulted in 
Antarctica. Earlier in the month, on the 
8th at 14" UT, Venus will pass 1° north 
of Ist-magnitude Regulus; however, this 
event will be very difficult to observe. 

Mars rises shortly before midnight, 
local time, in the middle of August, and 
can be viewed in central Taurus as an 
object of magnitude +0.7. In a telescope, 
Mars’ small gibbous disk is seen, 87- 
per-cent illuminated and 7”.1 in diameter. 
The moon will be near Mars on the 
morning of the 15th, and two days later 
the planet will pass 5° north of Aldebaran. 

Jupiter is very prominent in Ophiuchus, 
crossing the meridian about an hour after 
sunset on the 15th and setting around 


midnight. The giant planet’s magnitude 
is —2.0, and a telescope will show its 


UNIVERSAL TIME (UT) 
TIMES used in Celestial Calendar are Greenwich 


civil or Universal time, unless otherwise noted. This 
is 24-hour time, from midnight to midnight; times 
greater than 12:00 are p.m. Subtract the following 
hours to convert to ee times in the United 
States: EST, 5 5; CST, 6; MST, 7; PST, 8. To obtain 
daylight saving time pent 4, 5, 6, or 7 hours, 
respectively. If necessary, add 24 hours to the UT 
before subtracting, in which case the result is your 
standard time on the day preceding the Greenwich 
date shown. For example, 6:15 UT on the 15th of 
the month corresponds to 1:15 a.m. EST on the 
15th, and to 10:15 p.m. PST on the 14th. 





W Ceti, 235715, 7.6; 16, RT Cygni, 
194048, 7.3; 23, S Virginis, 132706, 7.0; 24, 
S Carinae, 100661, 5.7; 31, RT Sagittarii, 
201139, 7.0. 


disk, 42”.5 in equatorial diameter and 
39”.7 in polar. Jupiter is stationary in 
right ascension on the 20th, resuming di- 


rect (eastward) motion among the stars. ; cae 
3, W Lyrae, 181136, 7.9; 5, 


The moon will pass 5° north of Jupiter 
on the morning of the 3rd, and again on 
the evening of August 30-31. 

Saturn is east of Jupiter in the sky, in 
Sagittarius, and crosses the meridian 
about two hours after sunset, being well 
placed for observation in the southwestern 
sky during the evening hours. Its magni- 
tude is +0.4. In a telescope the disk is 
seen, 16.1 in polar diameter, as well 
the famous ring system, 40.6 across and 
widely opened. The moon will be near 
Saturn on August 4-5, and again on the 
night of the 3Ist. 

Uranus is in conjunction with the sun 
on August 14th, and thus invisible all 
month. 

Neptune is an 8th-magnitude .object 
near the Libra-Virgo border this month. 
It crosses the meridian about two hours 
before sunset in mid-August, and may be 
seen with small telescopes low in the 
southwestern sky during the early eve- 
ning hours. The chart on page 191 of 
the January, 1960, issue, will aid in find- 

= ’ - 
ing this faint object. W.ELG. 





DE LUXE 
SKYSCOPE 
As illustrated — with new plastic 


tube, 6x finder, heavy all-metal tri- 
pod, equatorial mounting, and 60x 


eyepiece. 
Price $44.75 
Unconditionally guaranteed. 
100% American made. 


Write for free brochure showing our 
standard model which has been sold 
world-wide for over 20 years. Sky- 
scope still remains outstanding in 
value by any comparison. 


THE SKYSCOPE CO., INC. 
P. O. Box 55S, Brooklyn 28, N. Y. 








September 
U Cygni, 201647, 7.2; 8, T Camelopardalis, 
043065, 8.0. 


{hese predictions of variable star maxima are by 
the AAVSO. Only stars are included brighter than 
magnitude 8.0 at an average maximum. Some, but 
not all of them, are nearly as bright as maximum 
two or three weeks before and after the dates for 
their maxima. The data given include, in order, the 
day of the month near which the maximum should 
occur, the star name, the star designation number, 
which gives the rough right ascension (first four fig- 
ures) and declination (bold face if southern), and 
the predicted visual magnitude. 


MINOR PLANET PREDICTIONS 

Julia, 89, 9.5. August 24, 23:44.9 +17- 
01. September 3, 23:36.0 +18-23; 13, 
23:25.3 +19-13; 23, 23:14.3 ine Oc- 
tober 3, 23:04.6 +19-20; 13, 22:57.5 +18- 
51. Opposition on September 13th, 

Io, 85, 10.4. August 24, 23:58.2 + 12-27 
September 3, 23:53.6 + 11-20; 13, 23:47.5 
+9-45; 23, 23:40.8 +7-51. October 3, 
23:34.7 +5-48; 13, 23:30.2 +3-51. Oppo- 
sition on September 18th. 

After the asteroid’s name are its number and the 
approximate visual magnitude expected at opposition. 
At 10-day intervals are given its right ascension and 
declination (1950.0) for 0" Universal time. In each 
case the motion of the asteroid is retrograde. Data 
are supplied by the IAU Minor Planet Center at the 
University of Cincinnati Observatory. 
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SOUTHERN STARS 


The sky as seen from latitudes 20° to 
10° south, at 11 p.m. and 10 p.m., local 
time, on the 6th and 22nd of October; 
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also, at 9 p.m. and 8 p.m. on November 
6th and 2lst. For add or 
subtract 4 hour per week. 

When facing south, hold “South” at the 
bottom; turn the chart correspondingly 


other dates, 
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for observing in other directions. Near 
the south celestial pole the Small Magel- 
lanic Cloud, a neighbor galaxy, is well 
placed for observation, while Pegasus 
dominates the northern sky. 
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STARS FOR AUGUST 


The sky as seen from latitudes 30° to 
50° north, at 9 p.m. and 8 p.m., local time, 
on the 6th and 22nd of August, respec- 
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tively; also, at 7 p.m. on September 6th. 
For other dates, add or subtract 4 hour 
per week. 

The head of Draco is at the meridian, 
making of this 


identification winding 
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constellation particularly easy this month. 


To the south the sky is ablaze with the 
starclouds of the Milky Way. Note espe- 
cially Scutum and Scorpius, rich sights in 
binoculars. 
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The Tinsley 12-inch: 


rugged, precise, compact 


Here is a new instrument of traditional Tinsley quality at a cost far 
below that of a custom telescope. Ideal for astronomy clubs, schools 
and advanced amateurs. Specifications: 12-inch aperture. Casse grain 
optical system. Primary mirror focal length 48''. Secondary amplification 
4; total effective focal length 192’’. Eyepiece image lies 16’’ behind 
reflecting surface of primary mirror. Overall tube length 43’, plus 
focusing assembly. Tube is easily removable from mounting. e Eyepiece 
focusing assembly: rack-and-pinion type, extremely rugged and adaptable 
for cameras and accessories. e Mounting: has positive clamps for decli- 
nation and right ascension. Motor driven in right ascension to a precise 
sidereal rate. Additional motor control for fast rate is 5 times the sidereal 
rate. Manual declination with anti-backlash. Setting circles are large and 
precision engraved. e Provides for precise orientation of polar axis. 
e Optical surfaces: accurate to % wave length or better. Reflecting 
surfaces aluminized and have a protective overcoating. Refracting sur- 
faces have low-reflection coating. e Equipped with a finder of 10 power. 
e Mounted on a steel pedestal. e For an illustrated folder, write to 
Tinsley Laboratories, Inc., Dept. S, 2526 Grove Street, Berkeley 4, 
California. [) Tinsley’s new 16mm full-color, sound film “Eyes to 
the Sky’’—the story of precision telescopes—is now available for loan 


showings. Please address requests to the Audio-Visual Department. 
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2S-FOOT ASTRO-DOME AT UNIVERSITY OF WISCONSIN 


Leading universities and astronomical research centers have found 
that Astro-Domes provide years of continuous and dependable 
service. Astro-Domes exclusive labyrinth seal shutter and design 
and its unique dome drive will give you smooth, quiet operation 
under all weather conditions. Reliable equipment like this is 
needed by the science educators who are training the future 
scientists, engineers, and technicians of the space age. Let 
Astro-Dome supply you with complete information on planning 
an Astro-Observatory for your institution. 









The ALL NEW 





ASTRO-DOME® 


INCORPORATED 





ASTRO - DOMETTE 





ASTRO-DOMETTES 


Astro-Domettes have been developed for vscinl 
high schools and junior colleges. These available 
units are fabricated on an assembly line in 
basis, resulting in high quality yet modest 
cost. Because sections are stamped or pastel 
molded, dome components are uniform and colors 
interchangeable. Astro-Domettes are avail- 
able in sizes of 8, 10 and 12 feet outside 
diameters. In the space age, progressive 
schools will want to include this new aid 
to education in their science department. 

SpE CARA, 





PRINTED BY WELLESLEY PRESS, INC 


1801 BROWNLEE AVE. N. E. 


MANUFACTURERS OF ASTRONOMICAL OBSERVATORY DOMES 
CANTON 5, OHIO Phone GL. 6-8361 








a preview of the 
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: : : : HERE'S WHAT YOU GET WITH THE MODEL 160: 
Here, in all its array of precision components, pieces and para- : a refractor i , osaglkeee a 
ia ij " j j ‘ ¢ Clock drive — weight driven, with governor and speed regulator 
phernalia, is the UNITRON 4 Photographic Equatorial Model 160. a © Aulscanmnnee OEE EE cnenaene 
We hope this picture, a thousand times better than : * Equatorial mounting with setting circles; 


ss" controls for declination and right ascension 
ripo' 

Metal tripod shelf with levels 

Battery-operated shelf illuminator 

2.4” photographic guide telescope with 78x crosshair eyepiece 
Star diagonal 

Uniclamp mounting brackets 

Uniclamp camera bracket 

10x 42-mm. view finder 

Super rack-and-pinion focusing mechanism with clamps 
8 eyepieces: 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 
Unihex rotary eyepiece selector 

Erecting prism system 

Sun projecting screen 

Sunglass 

Solar aperture diaphragm 

Unibalance tube assembly 

Pocket eyepiece case 

Tool and hardware kit 


Wooden cabinets 
U 7 7 O Instructions $1175 
INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. — 204-206 MILK STREET, BOSTON 9, MASS. 


SEE PAGES 112 AND 113 FOR NORE ABOUT UNITRON. 


words, may suggest to you something of that inevitable 
glow of surprise and pride that comes to the new UNITRON 
owner who, for the first time, opens his newly arrived 
telescope cabinets and discovers how much he has bought... 
This sense of discovery .. . this sheer delight that 
comes with the realization that you have received even more 
value than you expected .. . is only the very first of the myriad 
pleasures the Model 160 has in store for you. For, like all UNITRONS, 
this model promises encugh pleasant surprises to last a lifetime. 














